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20.  Abstract 

Pursuant  to  Public  Law  92-367,  Phase  I Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recommended  guidelines  for  safety 
inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  20314.  The  purpose  of  a Phase  I investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. — 

Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addressee  the 
hydraulic,  hydrologic,'  geologic,  geot^chnic,  and  structural  aspects  of 
the  damy  The  engineering  techniques  employed  give  a reasonably 
accurate  assessment  Of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 

'’Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulie/hydrologie  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  the  Chief  of  Engineers,  Washington, 
D.C.  20314.  The  purpose  of  a Phase  I investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation  and  analyses  involving 
topographic  mapping,  subsurface  investigations  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  In  cases  where  the  reser- 
voir was  lowered  or  drained  prior  to  inspection,  such  action, 
while  improving  the  stability  and  safety  of  the  dam,  removes 
the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 


It  is  important  to  note  that  the  condition  of  a dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  continued  care  and 
inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 


Phase  I inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  guidelines,  the  spillway  design  flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(flood  discharges  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible),  or  fractions  thereof.  Because 
of  the  magnitude  and  rarity  of  such  a storm  event,  a finding 
that  a spillway  will  not  pass  the  design  flood  should  not  be 
interpreted  as  necessarily  posing  a highly  inadequate  condi- 
tion. The  design  flood  provides  a measure  of  relative 
spillway  capacity  and  serves  as  an  aid  in  determining 
the  ne*ed  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its  general  condition 
and  the  downstream  damage  potential. 
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NAME  OF  DAM:  LAKE  OF  THE  WOODS 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam:  Lake  of  the  Woods 
State:  Virginia 
County : Orange 
Stream:  Flat  Run 

Date  of  Inspection:  29  November  1978 


BRIEF  ASSESSMENT  OF  DAM 


Lake  of  the  Woods  Dam  is  an  earthen  dam  approximately  65  feet 
high  and  1475  feet  long.  The  dam  is  owned,  operated,  and 
maintained  by  Lake  of  the  Woods,  Inc.  and  was  designed  by 
Bauer  Engineering,  Inc.  The  lake  is  used  for  recreation  by 
Lake  of  the  Woods  residents.  The  visual  inspection  and 
review  of  engineering  data,  made  in  November  1978  and 
January  1979,  indicate  no  deficiencies  requiring  emergency 
attention. 

The  spillway  will  pass  67  percent  of  the  Probable  Maximum 
Flood  without  overtopping  the  dam,  which  is  considered  inadequate 
but  not  seriously  inadequate  for  the  "intermediate”  size- 
"high"  hazard  classification  of  Lake  of  the  Woods  Dam. 

Review  of  stability  calculations  and  visual  observations 
made  in  the  field  indicate  no  evidence  of  embankment  instability 
or  piping  of  an  emergency  nature.  However,  if  an  emergency 
condition  developed  that  would  require  draining  the  reservoir; 
the  inability  of  the  reservoir  drain  to  empty  the  reservoir 
in  a reasonable  period  of  time  is  considered  an  undesirable 
condition.  A study  should  be  instituted  immediately  to 
determine  an  alternate  method  to  drain  the  reservoir. 

It  is  recommended  that  the  finger  drain  outlets  at  the  toe 
be  located  and  opened  into  the  drainage  channel  along  the 
toe  of  the  dam.  The  epoxy  patches  in  the  spillway  that  are 
no  longer  adhering  to  the  concrete  should  be  repaired, 
especially  around  the  sluice  gate.  Rock  should  be  placed 
over  the  seepage  and  erosion  area  at  the  end  of  the  right 
spillway  wall  beside  the  stilling  basin.  The  area  behind 
the  left  spillway  wall,  where  settlement  has  occurred, 
should  be  filled  with  soil,  compacted,  and  seeded.  The 
following  minor  maintenance  items  should  be  accomplished  as 
part  of  the  yearly  maintenance  program:  fill  and  seed  bare 
areas  on  the  embankment,  remove  small  trees  from  the  drainage 
ditch  at  the  toe,  replace  disloged  or  missing  riprap,  remove 


NAME  OF  DAM:  LAKE  OF  THE  WOODS 
1 


I 


# 


any  large  debris  from  the  reservoir  area  and  spillway,  and 
install  a staff  gage  to  monitor  reservoir  levels  above 

normal  pool.  , , „ 

Original  signed  by! 


Michael  Baker,  III,  P.E. 
Chairman  of  the  Board  and 
Chief  Executive  Officer 


SUBMITTED:  JAMES  A.,  WALSH 

James  A.  Walsh 
Chief,  Design  Branch 

Original  signed  by, 

RECOMMENDED : 7. AWE  M.  GOODWIN 

Zane  M.  Goodwin 

Chief,  Ena&geft£li.i*0gned  by: 


APPROVED : Ttmiglan  T,.  Trailer. 

Douglas  L.  Haller 
Colonel,  Corps  of  Engineers 
District  Engineer 
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OVERALL  VIEW  OF  DAM 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM:  LAKE  OF  THE  WOODS  ID#  VA  13701 


SECTION  1 - PROJECT  INFORMATION 


1.1  General 

1.1.1  Authority:  Public  Law  92-367,  8 August  1972 
authorized  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers  to  initiate  a national 
program  of  safety  inspections  of  dams  through- 
out the  United  States.  The  Norfolk  District 
has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the 
Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to 
conduct  a Phase  I inspection  according  to  the 
Recommended  Guidelines  for  Safety  Inspection 
of  Dams.  The  main  responsibility  is  to 
expeditiously  identify  those  dams  which  may 

be  a potential  hazard  to  human  life  or  property. 

1.2  Description  of  Project 

1.2.1  Description  of  Dam  and  Appurtenances:  Lake 
of  the  Woods  Dam  is  a homogeneous  earthfi 1 1 
dam  approximately  1475  feet  long  and  65  feet 
high.  Seepage  control  is  provided  by  an 
8 inch  perforated  C.M.P.  which  extends  from 
abutment  to  abutment  along  the  base  of  the 
dam  approximately  30  feet  downstream  from  the 
centerline  (see  Plate  2).  A cutoff  trench 
and  filter  drains  provide  additional  seepage 
control  at  the  downstream  toe  and  beneath 
12  inches  of  riprap  on  the  upstream  face. 

The  overflow  spillway  located  in  the  left 
abutment  area  consists  of  a concrete  ogee 
weir,  40  feet  long  and  6.5  feet  high,  with  a 
paved  chute  spillway,  approximately  135  feet 
long  on  a 3 horizontal  to  1 vertical  (3:1) 
slope.  All  outflow  from  the  dam  is  through 
this  overflow  spillway.  The  chute  spillway 
discharges  into  a 30  foot  wide  by  65  foot 
long  stilling  basin.  The  weir  crest  elevation 
is  317.5  feet  M.S.L. 

A two- foot-square  sluice  gate  is  located  at 
the  left  end  of  the  concrete  weir  and  is  used 
primarily  to  flush  sediment  that  accumulates 
behind  the  weir. 
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The  lake  can  be  drained  by  means  of  a 12  inch 
ductile  iron  drainpipe  which  extends  through 
the  dam  and  outlets  into  a small  stream  at 
the  downstream  toe  of  the  dam.  The  drain  is 
controlled  by  a 12  inch  plug  valve  located 
about  15  feet  upstream  of  its  outlet.  The 
plan  and  typical  sections  of  the  dam  are 
shown  on  Plates  1,  2,  and  3. 

1.2.2  Location:  Lake  of  the  Woods  Dam  is  located 
on  Flat  Run  just  upstream  of  Virginia  State 
Route  3,  7 miles  northwest  of  Chancellorsville, 
Orange  County,  Virginia.  A Location  Plan  is 
included  in  this  report. 

1.2.3  Size  Classification:  The  maximum  height  of 
the  dam  is  65  feet  above  the  old  streambed 
of  Flat  Run.  The  reservoir  volume  to  the 

top  of  the  dam  is  14,160  acre-feet.  Therefore, 
the  dam  is  in  the  "intermediate"  size  category 
as  defined  by  the  Recommended  Guidelines  for 
Safety  Inspection  of  Dams . 

1.2.4  Hazard  Classification:  A treatment  plant  is 
located  in  the  floodplain  approximately 

0.4  mile  downstream  from  the  dam.  Because  of 
the  proximity  of  this  plant,  loss  of  life 
could  result  in  the  event  of  failure  of  the 
dam.  Therefore,  the  dam  is  considered  in  the 
"high"  hazard  classification  as  defined  by 
Section  2.1.2  of  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams.  The  hazard 
classification  used  to  categorize  dams  is  a 
function  of  location  only  and  has  nothing  to 
do  with  its  stability  or  probability  of 
failure. 

1.2.5  Ownership : Lake  of  the  Woods  Dam  which  is 
situated  in  a private  residential  community 
is  owned,  operated,  and  maintained  by  Lake  of 
the  Woods,  Inc. 

1.2.6  Purpose:  Lake  of  the  Woods  Dam  is  a privately 
owned  recreational  facility. 

1.2.7  Design  and  Construction  History:  The  existing 
facility  was  designed  for  the  owner  by  Bauer 
Engineering,  Inc.  of  Chicago,  Illinois  and 
constructed  by  Shoosmith  Bros.,  Inc. 
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1.2.8  Normal  Operational  Procedures ; No  formal 
l operational  procedures  are  followed  for  this 

dam  since  it  is  a recreational  facility. 
Normal  pool  elevation  of  317.5  feet  M.S.L.  is 
maintained  by  a concrete  ogee  overflow  weir 
that  is  the  only  spillway.  The  two-foot- 
* square  sluice  gate  and  the  12  inch  reservoir 

drain  are  opened  annually  to  flush  out 
sediment  deposits. 

1 . 3 Pertinent  Data 


1.3.1  Drainage  Area:  The  drainage  area  of  the  Lake 
of  the  Woods  Dam  is  7.23  square  miles. 

1.3.2  Discharge  at  Dam  Site:  The  maximum  discharge 
through  the  spillway  is  not  known. 

Spillway: 

Pool  level  at  top  of  dam  ....  3801  c.f.s. 

1.3.3  Dam  and  Reservoir  Data:  Pertinent  data  on 
the  dam  and  reservoir  are  shown  in  the  fol- 
lowing table: 


TABLE  1.1  DAM  AND  RESERVOIR  DATA 


Item 

Elevation 
feet  M.S.L. 

Area 

acres 

Reservoir 

Capacity 

Acre-  Watershed  Length 
feet  inches  feet 

Top  of  dam 

325.0 

625 

14,160 

36.7 

14,600 

Spillway  crest 

317.5 

500 

9880 

25.6 

13,400 

Streambed  at  centerline 

of  dam 

260+ 

* 
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2.1  Design;  The  design  data  reviewed  included  the  following: 

1)  As-built  drawings  of  the  dam  including  plan, 
elevation,  typical  sections,  structural 
details,  boring  logs,  and  test  pits. 


2)  Partial  construction  report  documents  including 
revisions  that  were  made  to  the  side  slopes 
and  compaction  requirements  (Appendix  V). 

3)  Final  inspection  report  by  the  designer, 

Bauer  Engineering,  Inc.,  at  time  of  construction 
completion  (Appendix  V). 

4)  Partial  hydraulic  and  hydrologic  design  data 
by  Bauer  Engineering,  Inc.,  including  a flood 
routing  for  Probable  Maximum  Flood  (PMF),  was 
reviewed  and  is  discussed  further  in  Section  5.1. 


5)  Soils  exploration  reports  by  Dames  and  Moore 
(Appendix  VI). 


6) 


All  design  data  reviewed  was  borrowed  from  the  owner. 

2.2  Construction:  The  dam  was  built  by  the  Shoosmith  Bros.,  Inc. 
and  was  completed  in  March  1968.  As-built  drawings, 
change  orders,  and  material  requisitions  were  available 
for  review.  The  as-built  drawings  were  verified  in  the 
field. 

According  to  correspondence  reviewed  from  the  owner's 
file;  it  is  apparent  that  during  construction  of  the 
embankment,  95%  of  modified  density  was  difficult  to 
maintain.  It  was  decided  that,  although  95%  compaction 
would  be  strived  for,  a lower  limit  for  compaction  of 
92%  to  93%  would  be  permissible.  Dames  and  Moore  of 
Chicago,  Illinois,  performed  field  explorations  and 
laboratory  tests  during  construction.  With  the  relaxation 
of  compaction  requirements,  it  was  decided  to  flatten 
the  final  slopes  to  4:1  upstream  and  3.5:1  downstream. 

These  were  the  final  slopes  as  indicated  on  the  as- 
built  drawings.  The  final  inspection  of  the  dam, 
spillway,  and  appurtenant  structures  was  made  by  the 
design  engineer  on  6 March  1968. 


Stability  analyses  by  Dames  and  Moore,  and 
Bauer  Engineering,  Inc.  are  discussed  further 
in  Section  6.2.2  (Appendix  VII). 
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2.3  Operation:  There  is  no  formal  operating  procedure  for 
this  damT  However,  the  two -foot- square  sluice  gate 
located  in  the  spillway  is  operated  on  an  annual  basis 

to  flush  out  sediment  deposits  as  is  the  12  inch  reservoir 
drain. 

The  filling  of  the  reservoir  commenced  in  1967  according 
to  the  report  by  E.  D'Appolonia  in  October  1969  (Appendix  V, 
pp.  5-18).  Although  there  was  some  concern  about  the 
"slow  rate  of  filling  of  the  reservoir,"  D'Appolonia 
felt  that  additional  filling  time  should  be  allowed 
before  concluding  the  lake  would  not  reach  its  normal 
pool  elevation  without  expensive  remedial  or  artificial 
filling  measures. 

Bauer  Engineering,  Inc.  conducted  an  inspection  (see 
report  and  check  list  in  Appendix  V)  in  August  1970  at 
the  request  of  the  developer,  Boise  Cascade  Corporation, 
and  stated  that  in  general  the  dam  appeared  to  be  in 
excellent  condition. 

2.4  Evaluation: 

2.4.1  Design:  The  as-built  drawings  were  adequate 
to  aid  in  the  assessment  of  the  stability  of 
the  dam.  Stability  calculations  for  the 
earthen  section  of  the  dam  are  included  in 
Appendix  VII.  Design  calculations  for 
different  conditions  were  available  for  the 
concrete  weir  and  adjoining  retaining  walls 
of  the  spillway. 

2.4.2  Construction:  The  construction  reports  and 
correspondence  reviewed  indicated  that  construc- 
tion methods  used  were  in  accordance  with 
design  criteria. 

2.4.3  Operation:  Operations  performed  by  Lake  of 
the  Woods  personnel  are  considered  adequate 
for  this  structure. 
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3.1.1  General ; The  field  investigation  was  made  on 
29  November  1978.  The  weather  was  cloudy  and 
rainy.  The  lake  was  at  elevation  317.0  feet 
M.S.L.  (0.5  foot  below  normal  pool).  The 
embankment  and  the  appurtenant  structures 
were  found  to  be  in  good  overall  condition 
and  do  not  require  immediate  remedial  action. 


3.1.2  Dam:  The  embankment  was  in  good  condition 
except  for  small  areas  on  the  crest  and 
downstream  face  which  have  sparse  topsoil  and 
vegetation.  These  areas  should  be  topsoiled 
and  seeded.  There  is  scattered  driftwood  on 
the  riprap  which  should  be  removed.  The 
stone  riprap  dislodged  in  a few  small  areas 
should  be  replaced. 


The  wet  areas  at  the  toe  of  the  dam  and  on 
the  slopes  of  the  collection  ditch  nearby  are 
probably  caused  by  the  finger  outlets  from 
the  filter  drain  being  partially  blocked  by 
topsoil.  The  outlets  should  be  cleaned  out 
and  extended  to  the  ditch  where  necessary. 
Trees  growing  in  the  ditch  and  dumped  tree 
stumps  should  be  removed. 


3.1.3  Appurtenant  Structures:  The  intake  portion 
of  the  reservoir  drain  is  submerged.  The 
plug  valve  and  outlet  pipe  appear  to  be  in 
good  condition.  There  was  no  flow  from  the 
outlet  pipe  (Photo  1). 

The  concrete  spillway  functions  adequately  in 
spite  of  minor  deterioration  which  includes 
epoxy  patching  in  nine  areas  with  clear 
leakage  at  two  locations.  There  are  small 
popouts  of  aggregate  on  the  crest  of  the  weir 
and  in  the  spillway.  Minor  settlement  (less 
than  2 feet)  of  the  backfill  adjacent  to  the 
left  (north)  wall  should  be  corrected  by  the 
addition  of  compacted  soil  and  seeding.  The 
clear  seepage  and  eroded  area  at  the  end  of 
% the  right  wall  beside  the  stilling  basin 

should  be  covered  with  rock  to  prevent 
further  erosion.  There  is  jome  clear  leakage 
in  the  patched  stem  of  the  weir  adjacent  to 
the  slide  gate.  Photos  2-6  show  the  deteri- 
» oration  of  the  spillway. 
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3.1.4  Reservoir  Area:  The  slopes  in  the  reservoir 
area  are  apparently  well  vegetated  with  minor 
erosion. 

3.1.5  Downstream  Channel:  The  outlet  channels  for 
the  reservoir  drain  and  spillway  are  in 
satisfactory  condition.  There  is  some  minor 
erosion  on  the  slopes  where  clear  seepage  is 
present  downstream  from  the  spillway. 

3.2  Evaluation;  None  of  the  above  items  is  serious  enough 
to  represent  an  emergency  condition.  However,  the 
following  items  should  be  completed  within  a year  from 
the  date  of  this  report.  Erosion  control  and  seeding 
of  bare  areas  should  be  included  in  the  annual  inspection 
and  maintenance  program.  The  repair  of  the  filter 
drain  outlets,  elimination  of  trees  growing  in  the 
downstream  drainage  ditch,  removal  of  the  pile  of  tree 
stumps,  and  repairs  in  the  spillway  area  should  also  be 
completed. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


i 


4.1  Procedures:  Operational  procedures  are  generally 
discussed  in  paragraphs  1.2.8  and  2.3.  The  owner  opens 
the  slide  gate  on  the  face  of  the  concrete  weir  in  the 
spillway  and  the  reservoir  drain  annually  to  flush  out 
sediments . 

4.2  Maintenance  of  Dam:  Maintenance  of  the  dam  is  provided 
by  personnel  of  Lake  of  the  Woods,  Inc. 

4.3  Maintenance  of  Operating  Facilities:  Maintenance  of 
the  operating  facilities  is  also  provided  by  the  owner. 
As  previously  mentioned,  the  slide  gate  on  the  weir  in 
the  spillway  and  the  reservoir  drain  are  operated  and 
checked  annually. 

4.4  Warning  System:  At  the  present  time,  there  is  no 
formal  warning  system  or  evacuation  plan  in  opera- 
tion. It  is  recommended  that  a formal  emergency 
procedure  be  prepared  and  prominently  displayed,  and 
furnished  to  all  operating  personnel.  This  should 
include : 

1)  How  to  operate  the  dam  during  an  emergency. 

2)  Who  to  notify,  including  public  officials, 
in  case  evacuation  from  the  downstream  area 
is  necessary. 

3)  Procedures  for  evaluating  inflow  during 
periods  of  emergency  operation. 

4.5  Evaluation:  Operational  procedures  are  considered 
adequate  for  the  existing  facilities  at  Lake  of  the 
Woods  Dam. 


SECTION  5 - HYDRAUL 1 C/HYDROLOG I C DATA 


5.1  Design:  Partial  hydrologic  and  hydraulic  design  calcula- 
tions were  obtained  from  the  owner.  According  to  the 
design  calculations,  dated  October  1966,  by  Bauer 
Engineering,  Inc.,  the  dam  and  spillway  will  pass  the 
PNF  with  a maximum  reservoir  elevation  of  324.2  feet 
M.S.L.  The  spillway  discharge  capacity  was  computed  by 
Bauer  Engineering,  Inc.  using  a weir  coefficient  of  4.0 
for  all  reservoir  heads  and  a weir  length  of  50  feet. 

This  would  yield  a maximum  discharge  at  the  top  of  dam 
elevation  of  approximately  4100  c.f.s. 

5.2  Hydrologic  Records:  No  rainfall  or  stream  flow  records 
were  available  at  the  dam. 

5.3  Flood  Experience:  No  records  of  high  stage  were  avail- 
able  for  this  report.  However  during  the  heavy  rains 
of  July  1969,  the  reservoir  was  being  filled  and  rose 
an  additional  6 inches  as  a result  of  this  rainfall. 
(Appendix  V,  p.  10.) 

5.4  Flood  Potential:  Performance  of  the  dam  and  reservoir 
by  routing  the  PMF,  the  1/2  PMF,  and  the  100-year  flood 
is  shown  in  Table  5.1. 

Surface  area  and  storage  capacity  data  were  obtained 
from  the  design  data.  Outlet  discharge  capacity  hydro- 
graph and  routing  determinations  were  computed  as  part 
of  this  report  for  comparison  with  design  assumptions 
and  calculations.  Flood  routings  were  started  assuming 
the  reservoir  level  was  at  normal  pool  (elevation 
317.5  feet  M.S.L. ). 


5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data 
are  shown  in  Table  1.1,  paragraph  1.3.3. 

Regulation  of  flow  from  the  reservoir  is  automatic 
under  normal  conditions.  Normal  pool  (elevation 
317.5  feet)  is  maintained  by  the  crest  of  the  overflow 
weir  in  the  spillway.  Normal  outflow  from  the  reservoir 
passes  through  this  spillway,  except  for  flow  through 
the  reservoir  drain  and  slide  gate  when  opened. 

5.6  Overtopping  Potential:  The  overtopping  potential  was 
evaluated  by  combining  three  separate  inflow  hydrographs 
for  each  flood  analyzed.  One  inflow  hydrograph  represented 
inflow  produced  by  direct  runoff  from  rainfall  over  the 
lake  surface  area  of  0.78  square  mile.  A second 

inflow  hydrograph  represented  3.40  square  miles  of 
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watershed  in  the  upper  regions  of  the  watershed,  which 
was  lagged  2 hours  based  on  travel  time  behind  the  lake 
runoff  hydrograph.  A third  inflow  hydrograph  repre- 
sented the  remaining  3.05  square  miles  of  watershed, 
which  included  primarily  the  watershed  around  the  lake. 

This  watershed,  having  a short  time  of  concentration, 

was  lagged  only  0.5  hour  behind  the  lake  runoff  hydro-  i 

graph.  These  three  hydrographs  were  combined  and 

routed  through  the  reservoir  to  determine  the  outflow 

hydrograph. 


The  probable  rise  in  the  reservoir  and  other  pertinent 
information  on  the  reservoir  performance  in  various 
hydrographs  are  shown  in  the  following  table: 


1 . 

! 

f 

TABLE  5.1 

RESERVOIR 

PERFORMANCE 

Item 

Normal 

Hvdroqraphs 
100  Year  1/2  PMF 

PMF 

h 

Peak  flow,  c.f.s. 

Inflow 

- 

5996 

12,609 

25,218 

Outflow 

- 

543 

2769 

13,804 

Peak  elev.,  ft.  M.S.L. 

317.5 

319.6 

323.6 

326.7 

Spillway 

Depth  of  flow,  ft.  (a) 

- 

1.4 

4.1 

6.1 

Avg.  velocity,  f.p.s. 

- 

6.5 

11.4 

14.0 

Non-overflow  section 

Depth  of  flow,  ft. 

- 

- 

- 

1.7 

Average  velocity,  f.p.s 

- 

- 

- 

3.5 

Duration  of 

overtopping,  hrs. 

- 

- 

- 

6.3 

Tailwater  elev.,  ft.  M.S.L.  262.0 

(a)  Estimated  depth  at  ogee  weir  based  on  critical  depth. 

5.7  Reservoir  Emptying  Potential:  Neglecting  inflow,  the 
reservoir  elevation  may  be  lowered  from  normal  pool 
(elevation  317.5  feet  M.S.L.)  to  elevation  310.5  feet 
M.S.L.  in  approximately  45  days  by  use  of  the  two- foot- 
square,  sluice  gate  outlet  on  the  face  of  the  weir  and 
the  12  inch  diameter  reservoir  drain.  The  reservoir 
below  the  sluice  gate  invert  of  elevation  310.5  feet 
M.S.L.  can  only  be  lowered  by  use  of  the  reservoir 
drain  with  a maximum  discharge  (pool  level  at  elevation 
310.5  feet  M.S.L.)  of  11  c.f.s.  Again  neglecting 
inflow,  it  would  take  1 year  to  lower  the  reservoir 
from  elevation  310.5  feet  M.S.L.  to  the  invert  of  the 


reservoir  at  elevation  275.0  feet  M.S.L.  In  the  event 
* of  an  emergency,  the  reservoir  coult  not  be  emptied  in 

a reasonable  time  because  of  the  small  size  of  the 
reservoir  drain  (12  inch  diameter  pipe). 

5.8  Evaluation:  Lake  of  the  Woods  Dam  is  classified  according 
to  COE  criteria  as  an  "intermediate"  size-"high"  hazard 
structure  requiring  passage  of  a spillway  design  flood 
equal  to  the  PMF.  The  spillway  will  only  pass  about 
67%  of  the  PMF  without  overtopping. 

However  according  to  design  data  computed  by  Bauer 
Engineering,  Inc.,  the  spillway  will  pass  the  PMF  with 
a maximum  reservoir  elevation  about  0.8  foot  below  the 
top  ol  dam.  The  differences  between  the  computations 
for  the  design  and  the  computations  completed  as  part 
of  this  report  can  probably  be  attributed  to  methods  of 
analyses,  difference  in  weir  length  of  spillway,  and 
difference  in  peak  and  volume  of  hydrographs.  The  peak 
used  for  the  design  hydrograph  was  19,300  c.f.s. 
compared  to  the  25,200  c.f.s.  used  for  the  hydrograph 
listed  in  Table  5.1.  The  assumptions  used  in  computing 
the  design  hydrograph  are  not  known. 

Therefore,  the  hydrographs  computed  as  part  of  this 
report  ( shown  in  Table  5.1)  were  used  in  the  evaluation 
of  the  spillway  adequacy  because  they  were  considered 
to  more  accurately  depict  the  actual  conditions  found 
in  the  field. 

The  inability  to  empty  the  reservoir  in  a reasonable 
period  of  time  is  considered  undesirable  and  an  alternate 
means  of  draining  the  reservoir  during  an  emergency 
condition  should  be  investigated. 

Conclusions  pertain  to  present  day  conditions  and  the 
effect  of  the  future  development  on  hydrology  has  not 
been  considered. 


* 
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SECTION  6 - DAM  STABILITY 


6.1 


6.2 


Foundation  and  Abutments:  There  is  3 feet  of  alluvial, 
silty  sand  and  gravel  "(SP/GP)  in  the  bottom  of  the 
stream  valley  with  5 to  8 feet  of  sandy  silt  at  higher 
elevations  nearer  the  base  of  the  hills  overlying  gray, 
highly  weathered  gneiss.  The  slopes  in  the  abutment 
area  are  covered  by  5 feet  of  reddish-brown,  clayey 
silt  overlying  brown  and  gray,  sandy  silt  with  rock 
fragments  (decomposed  rock)  to  a maximum  depth  of 
50  feet.  The  top  of  the  bedrock  is  gray  and  brown, 
highly  weathered  gneiss. 


Stability  Analysis 


6.2.1  Visual  Observations:  No  evidence  of  insta- 
bility  in  the  embankment,  cut  slopes,  or 
concrete  structures  was  observed.  The  only 
deficiencies  observed  were  the  partial  settle- 
ment of  the  backfill  adjacent  to  the  left 
wall  of  the  concrete  spillway,  and  clear 
seepage  and  erosion  at  the  end  of  the  wall  on 
the  right  side  (see  Photo  6).  The  flow,  from 
the  filter  drain  and  clear  seepage  in  the 
vicinity  of  the  toe  of  the  dam  and  parallel 
drainage  ditch,  occurs  in  several  areas  to 
the  right  of  the  reservoir  drain  outlet 
apparently  from  the  covered  granular  finger 
outlets.  The  flow  from  the  collector  ditch 
into  the  stilling  basin  for  the  spillway  was 
measured  at  4 g.p.m.,  which  was  not  considered 
excessive. 


6.2.2 


Desion  Data:  The  slope  stability  was  checked 
in  1967  by  the  Swedish  Circle  Method  for  the 
homogeneous  dam  embankment.  The  analysis  was 
computed  by  Dames  and  Moore.  The  embankment 
section  chosen  for  these  analyses  had  a crest 
elevation  of  325.0  feet  M.S.L.,  upstream 
slope  of  4:1  ratio,  and  a downstream  slope  of 
3:1.  The  following  shear  strength  parameters 
were  assumed  for  the  foundation  and  embankment 
soils: 


C 

Unit  Weight 

2 

(n.s. f . ) 

(n.c. f . ) 

Homogeneous  Embankment 

20° 

200 

115 

Foundation  (Assumed) 

28° 

300 

120 
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The  shear  strengths  for  the  embankment  were 

determined  from  the  consolidated,  saturated,  » 

undrained,  triaxial  shear  and  direct  shear 

tests.  The  embankment  soil  on  the  slopes  was 

assumed  to  be  saturated.  The  homogeneous 

soil  was  assumed  to  be  compacted  to  90%  of 

the  maximum  dry  density.  The  parameters  of  * 

the  foundation  soil  immediately  underlying 

the  embankment  were  assumed.  The  minimum 

safety  factors  computed  by  Dames  and  Moore 

for  the  homogeneous  embankment  were  1.66  for 

the  upstream  slope  and  1.35  for  the  downstream 

slope.  Computations  for  the  downstream  slope 

assumed  steady  seepage  with  a straight  phreatic 

line  extending  from  the  water  level  (equal  to 

the  spillway  crest)  on  the  upstream  slope  to 

the  filter  drain  which  is  based  on  an  adequate 

performance  of  the  drain.  The  filter  drain 

is  located  on  the  foundation  just  downstream 

from  the  crest. 

The  upstream  slope  was  also  checked  at  a 
later  date  by  Bauer  Engineering,  Inc.  A 
factor  of  safety  of  1.726  for  an  upstream 
slope  of  3:1  was  calculated  by  the  method  of 
slices  for  a 0.05g  seismic  factor. 

There  was  no  available  explanation  for  the 
different  slope  stability  criteria  used  by 
the  two  consultants. 

The  stability  analyses  data  are  presented  in 
Appendix  VI I . 

6.2.3  Operating  Records:  The  reports  of  several 
inspections  of  the  dam  from  1969  to  1972  by 
engineering  firms  are  included  in  Appendix  V. 

A few  clear  seepage  zones  in  the  vicinity  of 
the  toe  of  the  dam  were  observed  along  with 
erosion  areas,  slow  filling  of  the  reservoir 
due  to  possible  water  loss,  clear  leakage 
through  cracks  in  the  spillway,  and  other 
minor  conditions.  Remedial  measures  were 
recommended  for  the  deficiencies  and  some 
were  undertaken  by  the  owner,  as  indicated  by 
the  epoxy  patching  applied  to  the  cracks  in 
the  concrete  weir. 

» 

6.2.4  Post-Construction  Changes : No  significant 
alterations  to  the  dam  were  apparent  since  it 
was  constructed. 
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6.2.5 


Seismic  Stability:  Lake  of  the  Woods  Dam  is 
located  in  Seismic  Zone  2 near  the  line  of 
demarcation  with  Seismic  Zone  1.  Therefore, 
it  is  considered  to  have  no  hazard  from 
earthquakes  according  to  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams, 
provided  static  stability  conditions  are 
satisfactory  and  conventional  safety  margins 
exist. 


Evaluation:  The  embankment  section  chosen  is  similar 
to  the  as-built  drawings  except  the  downstream  slope 
was  constructed  at  a 3.5:1  ratio  which  would  result  in 
a higher  safety  factor  than  previously  calculated  (1.35) 
for  steady  state  seepage  with  headwater  at  the  spillway 
crest.  None  of  the  available  calculations  indicate 
that  stability  under  rapid  drawdown  conditions  was 
performed.  The  4:1  slope  on  the  upstream  side  is 
usually  adequate  except  in  cases  where  the  soil  strength 
is  extremely  low,  which  is  not  the  case  for  Lake  of  the 
Woods  Dam  based  on  available  information.  However, 
good  engineering  practice  requires  that  stability  under 
rapid  drawdown  should  be  examined. 


SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment:  The  dam  will  pass  approximately  67%  of 
the  PMF  without  overtopping  which  is  considered  inade- 
quate but  not  seriously  inadequate  according  to  criteria 
established  by  the  Recommended  Guidelines  for  the 
Safety  Inspection  of  Dams  for  an  "intermediate"  size- 
"high"  hazard  category. 

Stability  analyses  were  available  (Appendix  VII)  for 
review.  The  stability  analyses  indicated  sufficient 
factors  of  safety.  No  evidence  of  sloughing  or  seepage 
indicating  embankment  distress  was  observed  during  the 
field  inspection.  The  embankments  appeared  uniform  in 
section  with  no  bulging  or  areas  of  depression  evident. 
The  grass  cover  on  the  embankments  was  in  good  condition 
with  the  exception  of  a few  small  bare  areas. 

The  spillway  appears  to  be  functioning  adequately. 

Epoxy  patching  is  leaking  (clear)  in  several  places  on 
the  weir.  There  are  also  small  popouts  of  aggregate  on 
the  crest  of  the  weir  and  in  the  spillway.  These  items 
are  not  considered  to  deter  proper  spillway  operation. 

7.2  Recommended  Remedial  Measures:  It  is  recommended  that 
continued  maintenance  of  the  concrete  surfaces  in  the 
spillway  be  provided.  The  clear  leaks  in  the  weir  and 
around  the  slide  gate  should  be  patched  where  the  old 
epoxy  patching  is  no  longer  adhering  to  the  concrete. 

An  alternate  means  of  draining  the  reservoir  in  case  of 
an  emergency  should  be  investigated  immediately  by  a 
consultant  since  the  reservoir  cannot  be  drained  in  a 
reasonable  period  of  time.  In  addition,  the  stability 
of  the  upstream  slope  under  rapid  drawdown  should  be 
examined. 

The  finger  outlets  from  the  filter  drain  should  be 
located,  cleaned,  and  extended  to  the  drainage  ditch 
along  the  toe  of  the  dam.  The  drainage  ditch  should  be 
cleaned  of  the  tree  stumps  and  other  debris,  and  main- 
tained to  provide  adequate  drainage  away  from  the  dam. 

The  inspection  revealed  certain  preventative  maintenance 
items  which  should  be  scheduled  as  part  of  an  annual 
maintenance  program.  These  are: 

1)  Rock  should  be  placed  over  the  seepage  and 

erosion  area  at  the  end  of  the  right  spillway 
wall  beside  the  stilling  basin. 
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2 ) The  area  behind  the  left  wall  of  the  spillway 
where  settlement  has  occurred  should  be 
filled  with  compacted  soil  and  seeded. 


3)  Fill  and  seed  all  bare  areas  on  the  embankment. 

4)  Remove  all  trees  along  the  drainage  ditch  at 
the  toe  of  the  dam. 

5)  Replace  any  dislodged  or  missing  riprap  along 
the  upstream  embankment  and  approach  channel 
to  the  spillway. 

6)  Remove  all  driftwood  and  other  debris  from 
the  reservoir  area. 

7)  Install  a staff  gage  to  monitor  reservoir 
levels  above  normal  pool. 
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slide  gate  The  slide  gate  Itself  Is  In  good  condition.  Some  leakage  In  the 
stem  of  the  weir  section  Is  present  adjacent  to  the  slide  gate. 

The  epoxy  patchwork  has  lost  Its  bonding  ability  and  Is  separating 
from  the  concrete. 
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APPENDIX  IV 


CHECK  LIST  - ENGINEERING  DATA 


CHECK  LIST 
ENGINEERING  DATA 
DESIGN,  CONSTRUCTION,  OPERATION 


RAINFALL/RESERVOIR  RECORDS 


Name  of  Dam:  LAKE  OF  THE  WOODS 


borrow  sources  The  borrow  pit  was  located  on  the  hillside  upstream  from  the  right  abutment  In  the  reservol 
area  as  shown  on  the  General  Plan  of  the  as-built  drawings  (Plate  1). 


of  Dam;  LAKE  OF  THE  WOODS 


SPILLWAY  PLAN 


CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC  DATA 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  7.23  SO. mi. 

3 3T7.rr<7Tr.r.r 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY)  : (9880  ac.-ft.) 

325  ft.  M.S.L. 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY)  : (14.160  ac.-ft.) 

ELEVATION  MAXIMUM  DESIGN  POOL:  324.2  ft.  M.S.L. 

ELEVATION  TOP  DAM:  325.0  ft.  M.S.L. 


CREST: 


Principal  Spillway 


a. 

Elevation  317.5  ft.  M.S.L. 

b. 

Type  Dvprflnw  t.vnp  rnnrrpt.p  snllluav 

c. 

Width  45  ft.  crest  width 

d. 

Length  Approximately  210  ft. 

e. 

Location  Spillover  Outside  left  abutment 

f. 

Number  and  Type  of  Gates  1 slide  < 

jate  (2-ft.-sq 

. on  left  side 

of  weir 

elev.  310.5  f 

t.  M.S.L. 

4 


OUTLET  WORKS:  Reservoir  Drain 

a.  Type  12-in.  diameter  ductile  iron  pipe 

b.  Location  ExHs  at  toe  of  dam  near  center  of  embankment 

c . Entrance  inverts  275.0  ft.  M.S.L. 

d.  Exit  inverts  265.7  ft.  M.S.L. 

e . Emergency  draindown  facilities  2 x 2 ft.  sluice  gated  outlet  and 

12  in.  dia.  blow-off  pipe 

HYDROMETEOROLOGICAL  GAGES:  None  at  Ham  site 

a . Type 

b.  Location 

c.  Records  

MAXIMUM  NON-DAMAGING  DISCHARGE  Unknown 


Name  of  Dam:  LAKE  OF  THE  WOODS 
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PROGRESS  REPORT  NO.  2 

Lake  of  the  Woods  --  Dam  Construction 
As  of  April  21,  1907 

After  being  closed  for  the  winter  months,  construction 
on  the  main  dam  resumed  April  12,  1967.  Although  the  work  proceeded 
slowly  during  the  first  week  progress  was  steady. 

Attaining  the  95%  (Modified  AASHO)  requirement  remains  a 
serious  problem.  Great  effort  is  required  by  the  contractor  to  dry 
and  roll  the  variable  soil  encountered. 

The  compaction  results  indicate  the  following  (as  of  4/21/67): 


Total  tests  taken 10 

Range  of  test  results 84%  to  101% 

Number  of  tests  passing-  — - 3 

Number  of  tests  failing 7 

Number  of  failing  tests  improved 

after  rerolling 3 

Moisture  content  range 18.3%  to  26.6%. 

Average  field  moisture  content 23.  4% 

Average  optimum  moisture 21.3% 


With  a concerted  effort,  the  required  densities  on  the 
average  can  be  obtained. 

The  filter  drain  material  was  delivered  and  checked  for 
gradation.  The  gradation  indicates  the  material  falls  within  the  require- 
ments and  was  approved. 


The  cutoff  trench  had  been  partially  backfilled  December,  1966 
and  through  the  winter  months  was  saturated  with  water.  This  material 
was  removed  to  the  rock  layer  beneath  and  backfilled  with  selected  soil. 


i 
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Progress  Report  No.  2 


Page  2. 


The  temporary  dam  was  completed  during  the  winter 
and  appears  to  be  operating  very  well.  Water  has  been  impounded 
to  the  overflow  elevation  and  the  overflow  pipe  is  operating  as 
expected.  N'o  adverse  effects  were  observed. 


Fl'MMARY 


F’rogrcss  on  the  main  dam  is  proceeding  slowly. 
Complying  with  compaction  requirements  remains  a problem. 

The  Contractor  will  have  to  take  extra  care  to  insure  the  material 
being  rolled  has  a low  enough  moisture  content  to  achieve  specified 
compaction,  thus  assuring  a satisfactory  end  result. 


Bauer  Engineering.  Inc. 

I.TIMG  KNdmiM  *KHtlNlllttNt  HIO 

SO  North  Wrckir  Omvc 
Chicago.  Illinoi*  60609 


March  21,  1968 


Mkv. Wesley  T.  Butler 
Virginia  .Wildlife  Clubs,  Inc. 
United  States  Land,  Inc. 
P.O.  Box  63l\^ 
Springfield,  Virginia  22150 


-BAUCNCNO  CHICAGO" 


J.  K”AT;;\3 


Subject:  Lake-of-the-Wood  s 


Dear  Mr.  Butler: 


On  March  6,  1968  a final  Inspection  of  the  dam, 
spillway  and  appurtement  work  was  made  by  me  and  Earl  Turner, 
our  engineer  - Inspector  for  the  above  project.  We  were  ac- 
companied by  Mr.  Jack  Schaul  of  your  organization  and  Mr.  Bill 
Cantrell  of  Shoosmlth  Brothers. 


We  are  pleased  to  report  that  the  construction  work 
is  substantially  completed  in  accordance  with  the  plans  and 
specifications  except  the  fine  grading,  seeding  and  fertilizing 
in  the  spillway  area  beyond  the  chute  and  stilling  basin  walls, 
and  in  the  vicinity  of  the  plunge  pool.  This  work  should  be  com- 
pleted soon  after  the  backfill  adjacent  to  the  chute  walls  has  sub- 
sided and  been  re-graded,  and  the  weather  permits. 


We  are  preparing  a set  of  as-built  drawings  and  a 
tabulation  of  final  quantities  for  the  project,  and  hope  to  have 
this  information  in  your  hands  in  about  a week. 


'•••4..  .*'•••  ■•  . ^ •’»•«•'*'■ T * ‘ * ! T '*  r_  " *“  *•  <•  *•?•♦  ' ..  :_. 

w / ■ : . : **  ■*  *»••  ' * ' . ' ' . 

Mr#  Wtilay  T.  Butler. . , Mar.  21*  1968... RLH. ..2 


Th«  dam  and  »plllway  present  an  excellent  appearance, 
and  we  believe  that  both  United  States  Land  and  Shoo  smith  Brothers 
can  be  proud  of  the  fine  results. 


It  has  been  a pleasure  for  our  firm  to  be  associated 
with  you  on  this  project,  and  we  send  our  best  wishes  for  your 
continued  success. 


Very  truly  yours. 


Chief  Engineer 


KLH:db 

cc:  Mr.  J.  S.  Keatinp 
Mr.  Jack  Ford  t/ 
Mft’Kjack  Schaul 
Mr.  Gay  Jones 
Shoosmith  Bros.,  Inc. 
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Project  No. 


69-181 

BOISE  CASCADE  PROPERTIES,  INC. 
CHICAGO,  ILLINOIS 


LETTER  REPORT 

INSPECTION  OF  DAM  AND  RESERVOIR 
LAKE  OF  THE  WOODS 
ORANGE  COUNTY,  VIRGINIA 


E.  D’APPOLONIA 
CONSULTING  ENGINEERS,  INC. 
PITTSBURGH,  PENNSYLVANIA 


OCTOBER  1969 
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E.  O’APPOLONIA 

CONSULT) NO  CNOINCCHS.INC. 


October  27 , 1969 

is  ourr  hoao 
pittssunom.sa.  mis 


TCLCPHONC 

(All)  1AX-SIO? 


Project  No.  69-181 


Mr.  John  Marcos lan 

Boise  Cascade  Properties,  Inc. 

Lake  of  the  Uoods 
P.  0.  Box  128 

Springfield,  Virginia  22401 

. Inspection  of  Dam  and  Reservoir 

Lake  of  the  Woods 
Orange  County,  Virginia 


Dear  Mr.  Margos ian: 

Enclosed  are  two  copies  of  our  letter  report  discussing  the 
results  of  our  inspection  of  the  dam  and  reservoir  at  the  Lake  of  the  Woods 
project.  We  were  initially  requested  to  review  the  performance  of  the 
reservoir  with  respect  to  filling.  However,  as  I have  indicated  in  tele- 
phone conversations,  certain  other  conditions  at  the  site  deserve  discussion. 
Therefore,  in  addition  to  the  section  on  filling,  our  letter  report  discusses 
other  adverse  conditions  along  with  recommendations  concerning  remedial  and 
preventive  measures. 

As  requested,  we  are  preparing  a single  invoice  reflecting  all 
of  our  costs  on  this  project.  The  two  previous,  partial  invoices  should  be 
Ignored  when  the  total  invoice  is  submitted.  I will  include  a description 
of  the  various  cost  items  for  your  information. 

Please  feel  free  to  call  pertaining  to  any  of  the  subjects  dis- 
cussed in  the  report. 


RDE:pao 

Enclosures 

cc:  Mr.  J.  W.  Ford  (2) 


Very  truly  yours, 

l). 

Richard  D.  Ellison 
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E.  D’APPOLONIA 

• CONSULTING  ENGINCCRS.  INC* 


October  25,  1969 

is  ourr  road 

PITTSBURGH, PA.  UU« 


TCLEPHONE 
(AM)  1«*-*i07 


Project  No.  69-181 


Mr.  John  Margosian 

Boise  Cascade  Properties,  Inc. 

Lake  of  the  Woods 
P.  0.  Box  128 

Springfield,  Virginia  22401 

Letter  Report 

Inspection  of  Dam  and  Reservoir 
Lake  of  the  Woods 
Orange  County.  Virginia 

Dear  Mr.  Margosian: 

Pursuant  to  Mr.  J.  W.  Ford's  authorization  in  June,  1969,  we 
conducted  a visual  inspection  of  the  dam  and  reservoir  at  the  subject 
site.  Pertinent  design  and  as-built  drawings  prepared  by  Bauer  Engin- 
eering Company  were  also  examined.  Initially,  the  purpose  of  the  examin- 
ation was  to  assess  the  behavior  of  the  dam  and  reservoir  to  date  with 
respect  to  its  filling  rate  and  to  make  appropriate  comments  and  observa- 
tions. However,  during  the  above  examination  and  as  subsequently  discussed 
with  Mr.  Ford,  additional  conditions  related  to  the  condition  of  the  dam 
and  reservoir  were  noticed  for  which  recommendations  concerning  remedial 
and  preventive  measures  are  also  reported  herein. 

Description  of  Dam 

The  dam  has  a maximum  height  of  almost  60  feet  above  the  bed  of 
Flat  Run.  It  is  of  homogenous  section  except  for  the  drainage  system 
beneath  the  downstream  portion  of  the  embankment.  The  material  in  the  dam 
was  borrowed  from  the  reservoir  area  immediately  upstream  of  the  dam. 
Examination  of  soils  in  the  area  indicates  that  this  material  contains  an 
appreciable  quantity  of  silt-sized  particles  and  that  its  permeability  when 
compacted  is  relatively  low. 


t 


The  downstream  sub-embankment  drainage  system  consists  of  a lateral 
filter,  parallel  to  the  dam  axis,  with  embedded  pipe  draining  from  both  sides 
towards  the  old  bed  of  Flat  Run.  The  system  then  runs  along  the  creek  bed  and 
discharges  at  the  toe  of  the  dan.  There  is  no  indication  that  it  is  not 
functioning  properly.  < 
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E.  D’APPOLONIA 

CONSULTING  ENGINEERS,  INC. 


Mr.  John  Margos ian 
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October  25,  1969 
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The  lateral  drain,  which  is  located  Immediately  downstream  of 
the  axis  of  the  dam,  is  augmented  by  "fingers”  of  filter  material  running 
transverse  to  the  axis  of  the  dam  and  presumably  draining  towards  the  toe. 

The  downstream  ends  of  these  drains  have  apparently  been  covered  with  topsoil. 

The  performance  of  these  finger  drains  is  not  known.  A narrow 
strip  of  wet  soil,  as  discussed  belpw,  exists  just  downstream  of  the  toe  of 
the  dam.  This  would  seem  to  Indicate  that  at  least  some  of  the  drains  are 
functioning  properly.  However,  as  will  be  discussed,  this  wet  zone  could  have 
a different  origin. 

Two  important  changes  were  made  to  the  embankment  design  during 
construction  of  the  dam.  First,  impervious  blankets  were  provided  in  two  parts 
of  the  borrow  areas.  They  were  apparently  in  response  to  the  porous  nature  of 
the  bedrock.  Second,  the  3:1  design  slopes  were  changed  to  3.5:1  downstream 
and  4:1  upstream.  The  reasons  for  the  slope  changes  are  not  known. 

Another  change  made  during  construction  was  to  provide  a continuous 
filter  system  under  the  spillway  chute.  The  water  collected  in  this  filter 
discharges  through  two  pipes  into  the  stilling  basin.  The  pipes  are  presently 
discharging  water  which  would  indicate  that  the  drainage  system  under  the  chute 
is  operating. 

The  as-built  drawings  show  an  abandoned  mine  shaft  just  upstream  of  the 
the  spillway  channel.  The  shaft  is  presently  under  water.  No  details  concern- 
ing the  extent  of  the  mine  are  available. 

A 6-inch  pipe  has  been  installed  through  the  embankment  adjacent 
to  the  right  abutment.  The  pipe  is  close  to  the  crest  of  the  dam  and  serves 
no  apparent  purpose. 

Performance  of  the  Dam 

The  reservoir  is  presently  being  filled  for  the  first  time,  and 
two  seepage  zones  have  appeared  downstream  of  the  dam.  The  approximate  extent 
of  the  seepage  zones  as  of  August  17,  1969  is  sketched  in  Drawing  No.  69-181-El. 
At  that  time,  the  reservoir  was  4.75  feet  below  design  elevation.  (We  under- 
stand that  the  lake  level  rose  an  additional  1.0  to  1.5  feet  during  the  heavy 
rains  associated  with  Hurrican  Camille  during  the  week  of  August  17,  1969)  No 
correlation  between  the  height  of  the  reservoir  and  the  seepage  phenomena  is 
available. 


One  seepage  zone,  (A)*,  is  entirely  in  cut  downstream  of  the  spillway 
stilling  basin.  Because  of  the  proximity  of  the  drainage  blanket  under  the 
Spillway  chute,  it  would  appear  that  the  seepage  zone  may  be  fed  from  deeper 
within  the  underlying  rock.  * J 


^Letters  designated  as  ( ) correspond  to  similarly  designated  areas  on 
Dwg.  69-181-El. 
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E.  D’APPOLONIA 

CONSULTING  ENGINEERS.  INC. 

Mr.  John  Margosian  -3-  October  25,  1969 

The  ocher  seepage  zone,  (6),  is  in  undisturbed  ground  downstream 
of  the  right  abutment.  This  zone  has  extended  into  the  dam  embankment  along 
a distance  of  approximately  100  feet.  The  maximum  inscrusion  up  the  embank- 
ment is  about  8 feet  measured  vertically. 

A portion  of  Seepage  Zone  (B)  is  located  over  one  of  the  finger 
drains  described  above.  The  downstream  end  of  the  drain  was  not  located  in 
the  field  because  it  apparently  was  covered  during  dressing  of  the  slope. 

If  the  finger  drain  were  functioning  properly  it  would  be  expected  to  yield 
some  water  flow. 

Part  of  Seepage  Zone  (B)  runs  in  a narrow  strip  parallel  to  the 
toe  of  the  dam.  It  may  be  that  this  "wet"  strip  is  caused  by  discharge  from 
the  finger  drains  and  not  from  seepage  through  the  foundation  of  the  dam. 

The  other  portion  of  the  seepage  zone  undoubtedly  is  affected  by  seepage 
from  the  reservoir  through  the  bedrock  since  it  is  directly  across  the  creek 
bed  paralleling  the  toe  of  the  dam.  It  is  difficult  to  judge  whether  the 
source  of  this  seepage  is  primarily  from  groundwater  flow  out  of  the  knoll 
to  the  west  or  if  it  is  primarily  due  to  increased  groundwater  pressure 
resulting  from  the  partially  filled  reservoir.  Records  of  the  preconstruc- 
tion condition  of  this  area  would  be  valuable  in  determining  the  source  of 
this  seepage. 

Several  surface  erosional  features  have  appeared  on  and  around  the 
dam.  Shallow  gullies,  (C) , have  developed  on  the  entire  lower  portion  of  the 
downstream  slope;  along  the  toe  of  the  dam  on  the  north  side  of  the  discharge 
basin  for  the  under  drain  discharge  pipes  (D) ; and  north  of  and  generally 
parallel  to  the  excavation  for  the  spillway  discharge  channel,  (E). 

The  water  in  the  reservoir  immediately  adjacent  to  the  riprap  on 
the  upstream  slope  of  the  dam  is  reddish  in  color.  This  indicates  that  a 
certain  amount  of  erosion  is  taking  place.  Since  the  reservoir  at  time  of 
observation  was  4.75  feet  below  design  elevation,  it  is  not  known  whether 
the  erosion  is  taking  place  below  the  riprap  or  through  the  lower  portion 
of  the  riprap. 

Erosion,  due  to  rainfall  runoff,  is  present  at  the  portion 
of  the  spillway  approach  channel  not  protected  with  riprap,  (G) . Additional 
erosion  should  be  expected  when  the  water  level  rises  and  continual  flow 
occurs  through  the  channel. 

Performance  of  the  Reservoir 

Filling  of  the  reservoir  commenced  in  1967.  The  water  level  on 
August  17,  1969  was  4.75  feet  below  the  design  elevation.  Because  the  time 
of  filling  thus  far  is  still  in  the  range  of  the  estimates  made  by  Bauer 
Engineering  Company  (35  months)  and  E.  D'Apoolonia  Consulting  Engineers,  Inc, 

(23  months),  conclusions  regarding  the  rate  of  filling  cannot  be  made  at  this 
time.  However,  it  is  somewhat  disturbing  that  it  has  been  reported  that  the 
reservoir  rose  only  about  six  inches  during  July,  1969,  while  the  local  rainfall 
was  about  twice  that  amount.  The  rate  of  filling  should  be  observed,  £h 
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relation  to  rainfall,  through  the  spring  of  1970  prior  to  evaluating  the 
time  which  will  be  required  to  fill  the  remainder  of  the  lake. 

An  analysis  of  the  flow  into  the  reservoir  was  conducted  on 
August  16  and  17,  1969.  The  flow  into  the  lake  was  measured  at  each  stream 
entering  the  lake  at  the  locations  shown  on  Dwg.  69-181-E2.  The  total  inflow 
at  the  time  of  measuring  was  about  1.5  gallon  per  second.  The  total  surface 
flow  out  of  the  reservoir  was  determined  by  measuring  the  flow  in  the  discharge 
channel  downstream  from  the  dam.  This  flow  was  corrected  to  account  for  flow 
in  the  36  inch  diameter  culvert  located  downstream  from  the  south  abutment  as 
shown  on  Dwg.  69-181 ~E2.  This  analysis  indicated  that  the  reservoir  on  that 
date  was  filling  at  the  rate  of  about  0.2  gallons  per  second;  neglecting  sub- 
surface inflow  and  outflow  which  cannot  be  measured.  (Details  of  the  analysis 
are  presented  in  Appendix  A).  This  amount  of  inflow  would  have  a negligible 
effect  on  the  lake  level. 

It  should  also  be  noted  that  due  to  the  relatively  large  size  of  the 
lake,  the  measured  amount  of  surface  leakage  will  not  seriously  effect  the  lake 
level  once  it  has  filled  to  the  planned  normal  pool  elevation. 


i 


Miscellaneous  Observations  Pertaining  to  the  Reservoir 

Two  less  serious  problems  associated  with  the  reservoir  were 
observed  on  August  17,  1969. 

First,  gullies  several  feet  in  depth  have  been  eroded  into  the 
steep  slopes  cut  into  weathered  rock  to  form  the  boat  marina.  The  incompe- 
tent nature  of  the  weathered  rock  and  the  concentrated  flows  which  occur  in 
this  area  make  this  a progressive  condition. 

The  second  concerns  erosion  of  the  surficial  soils  at  many  of  the 
tributaries  into  the  lake.  In  several  instances,  this  erosion  has  progressed 
to  the  point  where  the  stability  of  the  site  roadway  may  be  affected. 

Recommendations  for  Remedial  and  Preventive  Measures 


Dam  and  Appurtenances 


Both  seepage  zones  downstream  of  the  dam  can  be  expected  to  Increase 
in  size  and  rate  of  discharge  as  the  reservoir  rises  to  design  elevation.  The 
correlation  between  seepage  discharge  and  reservoir  discharge  is  purely  con- 
jectural at  this  time.  However,  it  is  entirely  possible  that  the  discharge 
will  increase  significantly  with  the  last  few  feet  of  head.  The  present  rate 
of  seepage  will  not  significantly  affect  the  lake  level  once  it  has  reached 
the  design  normal  pool  elevation  and  should  not  be  sufficient  to  pose  a threat 
to  the  overall  stability  of  the  dam  due  to  piping.  However,  it  is  recommended 
that  size  of  the  seepage  zones  and  the  seepage  discharge  be  closely  observed 
so  that  large  changes  will  be  recognized  at  an  early  date.  Also,  that  portion 
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of  the  dam  toe  Included  in  seepage  zone  (B)  should  be  inspected  regularly  — ^ 

for  evidence  of  piping  or  local  shear  failure. 

As  soon  as  possible  the  finger  drains  entering  seepage  zone  (B)  — 

should  be  located  and  exposed  to  provide  free  flow  of  water  from  beneath 
this  portion  of  the  embankment.  The  flow  from  this  finger  drain  as  well  as 
all  other  seepage  from  this  zone  should  be  collected  into  a well  defined 
channel  (F)  and  diverted  to  the  old  stream  bed.  This  channel  should  be 
placed  as  far  from  the  toe  of  the  dam  as  possible. 


If  the  condition  of  the  toe  of  the  dam  deteriorates  to  the  point 
where  it  poses  a threat  to  stability,  an  inverted  filter  should  be  designed 
and  placed  over  the  significant  portion  of  the  seepage  zone.  This  can  be 
designed  to  protect  against  both  piping  failure  and  local  shear  failure. 


•It  is  not  anticipated  that  seepage  in  the  vicinity  of  the  stilling 
basin  will1  pose  any  threat  to  stability  in  the  near  future.  However,  it  may 
be  desirable  for  esthetic  purposes  and  for  prevention  of  problems  with  freez- 
ing behind  the  wall  to  provide  drainage  facilities  behind  the  retaining  walls 
of  the  stilling  basin. 


The  erosion  gullies  do  not  at  this  time  present  any  threat  to  the 
stability  of  the  dam.  However,  due  to  the  progressive  nature  of  such  erosion, 
it  is  prudent  that  preventive  measures  be  taken  as  soon  as  possible.  A 
shallow  berm  with  paved  guttejrs  or  half-round  terra-cotta  pipe  gutters  should 
be  constructed  about  one-third  way  up  the  downstream  face  of  the  dam  to  collect 
runoff  from  the  slope.  Also,  a lined  terra-cotta  pipe  channel  should  be  pro- 
vided along  the  toe  of  the  dam  to  the  north  of  the  discharge  basin  in  Che  area 
designated  as  (D)  on  Dwg.  69-181 -El.  The  shallow  erosion  gullies,  (C) , on  the 
downstream  slope  should  be  filled  and  seeded.  Remedial  and  preventive  work  on 
the  erosional  features  to  the  north  of  the  discharge  channel  can  be  postponed 
indefinitely,  but  periodic  observations  should  be  made  for  re-evaluation  of 
thi3  condition. 

The  riprap  in  the  spillway  approach  channel,  (G) , should  be  extended 
to  the  concrete  structure  to  prevent  further  erosion  in  this  area. 

It  is  not  possible  at  this  time  to  determine  whether  the  erosion  of 

Che  dam  at  Che  present  water  line  is  taking  place  through  the  riprap  or  at  a 
lower  elevation.  No  remedial  work  in  this  area  is  recommended  until  the 
reservoir  level  is  raised  and  the  behavior  of  the  riprap  can  be  observed  further. 

However,  if  the  reservoir  is  maintained  at  or  near  its  present  level  for  a con- 

siderable period  of  time,  the  upstream  face  of  the  dam  below  the  riprap  should 
be  inspected  by  one  of  our  engineers  trained  in  scuba  diving. 


It  is  not  expected  that  the  pipe  through  the  top  of  the  dam,  (H), 
will  ever  carry  water.  Nevertheless,  it  should  be  removed  or  permanently 
sealed. 
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of  the  dam  toe  Included  in  seepage  zone  (B)  should  be  inspected  regularly  — ^ 

for  evidence  of  piping  or  local  shear  failure. 

As  soon  as  possible  the  finger  drains  entering  seepage  zone  (B)  — 

should  be  located  and  exposed  to  provide  free  flow  of  water  from  beneath 
this  portion  of  the  embankment.  The  flow  from  this  finger  drain  as  well  as 
all  other  seepage  from  this  zone  should  be  collected  into  a well  defined 
channel  (F)  and  diverted  to  the  old  stream  bed.  This  channel  should  be 
placed  as  far  from  the  toe  of  the  dam  as  possible. 

If  the  condition  of  the  toe  of  the  dam  deteriorates  to  the  point 
where  it  poses  a threat  to  stability,  an  inverted  filter  should  be  designed 
and  placed  over  the  significant  portion  of  the  seepage  zone.  This  can  be 
designed  to  protect  against  both  piping  failure  and  local  shear  failure. 

It  is  not  anticipated  that  seepage  in  the  vicinity  of  the  stilling 

basin  will  pose  any  threat  to  stability  in  the  near  future.  However,  it  may  

be  desirable  for  esthetic  purposes. and  for  prevention  of  problems  with  freez-  ' 
Ing  behind  the  wall  to  provide  drainage  facilities  behind  the  retaining  walls 
of  the  stilling  basin. 

The  erosion  gullies  do  not  at  this  time  present  any  threat  to  the 
stability  of  the  dam.  However,  due  to  the  progressive  nature  of  such  erosion, 
it  is  prudent  that  preventive  measures  be  taken  as  soon  as  possible.  A 
shallow  berm  with  paved  gutters  or  half-round  terra-cotta  pipe  gutters  should 
be  constructed  about  one-third  way  up  the  downstream  face  of  the  dam  to  collect 
runoff  from  the  slope.  Also,  a lined  terra-cotta  pipe  channel  should  be  pro- 
vided along  the  toe  of  the  dam  to  the  north  of  the  discharge  basin  in  the  area 
designated  as  (D)  on  Dwg.  69-181-El.  The  shallow  erosion  gullies,  (C),  on  the 
downstream  slope  should  be  filled  and  seeded.  Remedial  and  preventive  work  on 
the  erosional  features  to  the  north  of  the  discharge  channel  can  be  postponed 
indefinitely,  but  periodic  observations  should  be  made  for  re-evaluation  of 
this  condition. 

The  riprap  in  the  spillway  approach  channel,  (G),  should  be  extended 
to  the  concrete  structure  to  prevent  further  erosion  in  this  area.  ^ 

It  is  not  possible  at  this  time  to  determine  whether  the  erosion  of 
the  dam  at  the  present  water  line  is  taking  place  through  the  riprap  or  at  a 
lower  elevation.  No  remedial  work  in  this  area  is  recommended  until  the 
reservoir  level  is  raised  and  the  behavior  of  the  riprap  can  be  observed  further. 
However,  if  the  reservoir  is  maintained  at  or  near  its  present  level  for  a con- 
siderable period  of  time,  the  upstream  face  of  the  dam  below  the  riprap  should 
be  inspected  by  one  of  our  engineers  trained  in  scuba  diving. 

It  is  not  expected  that  the  pipe  through  the  top  of  the  dam,  (H) , 
will  ever  carry  water.  Nevertheless,  it  should  be  removed  or  permanently 
sealed. 
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2.  Reservoir  filling 

While  concern  over  the  slow  filling  rate  of  the  reservoir  is  well 
founded,  "filling  time”  calculations  indicate  that  additional  time  should 
be  allowed  before  concluding  that  the  lake  will  not  reach  its  normal  pool 
elevation  without  expensive  remedial  or  artificial  filling  measures.  A 
rational  decision  on  whether  to  implement  such  plans  could  be  made  after 
correlation  of  reservoir  level,  local  rainfall  data  and  seepage  data  this 
winter  and  spring  (1969  - 1970).  The  present  magnitude  of  surface  seepage 
will  not  have  a significant  effect  upon  maintaining  a relatively  constant 
lake  level. 

3.  Reservoir  (Miscellaneous) 

Riprap  protection  should  be  provided  at  the  road  culverts  for  any  ^ 
tributaries  where  the  erosion  may  cause  costly  disturbance  to  the  roadway 
or  culvert.* 

Finally,  the  cut  slopes  at  the  marina  should  be  made  flatter 
and/or  a paved  gutter  should  be  provided  along  the  top  of  the  slope  to 
retard  the  progressive  erosion  which  is  presently  occurring.  Also,  riprap  — ^ 
should  be  provided  at  the  toe  of  the  slope  to  eliminate  erosion  due  to 
wave  action  which  will  occur  when  the  lake  level  has  reached  its  normal 
pool  elevation. 

Data  Required  | 

Additional  information  which  will  be  required  prior  to  conducting 
a more  detailed  study  and  prior  to  undertaking  the  recommended  preventive 
and  remedial  measures  include  geologic  reports  prior  to  construction,  geo- 
logic data  obtained  during  construction,  engineering  properties  of  embankment 
material,  and  details  of  the  mine  shaft  at  the  north  abutment.  Also,  plans 
showing  the  location  of  roads  and  utilities  are  required  for  locating  these 
facilities  in  the  construction  area. 

Respectfully  submitted, 


p.£j2k 


Richard  D.  Ellison 
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Lake  of  the  Woods 

Summary  of  Measured  Flows 

Aueust  16  and  17.  1969 

- 

f 

• 

Ij  Surface  Inflows  (see  Dwg.  69-181-E2  for  Tributary  Locations) 

• 

Tributary 

Number 

Measured  Flow  in 

Remarks  gallons/second 

1 ' 

1A 

dry 

IB 

dry 

1C 

Erosion  has  occurred  to  a depth  of  two  feet. 

Some  groundwater  seepage  is  noticeable. 

0.10 

; ID  i 

Very  little  flow  from  flat  swamp  area. 

TSTM* 

2 

30”  $ culvert  with  considerable  erosion  at 
its  outlet. 

TSTM 

3 

Kaolinite  weathered  gneiss. 

TSTM 

4 

30”  f culvert  with  considerable  erosion  in 
weathered  rock  at  the  road  embankment. 

drr- 

• 

SA 

18”  4 culvert!. 

dry 

' 5B 

Kaolinite  weathered  grey  granite  - gneiss. 

0.05 

6 

Very  weathered  schists. 

0.05 

7 

42”  $ culvert. 

0.10 

8A 

dry 

8B 

dry 

9A 

dry 

9B 

TSTM 

*TSTM  - Too 

small  to  measure. 

♦ 

I 
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Tributary 

Number  Remarks 

10A 

10B  Some  erosion  has  occurred  in  the 

weathered  rock. 

11  Erosion  has  occurred  to  a depth  of  4 to 
5 feet. 

12 

13 

14 

15A  t 

15B 

15C 


Measured  Flow  in 


TSTM 

0.15 


0.15 


TSTM 

0.05 

0.50 

dry 

dry 

dry 


15D 

16 

17 

18 

19 

20 
21 

22 

23A 

23B 


dry 

| 0.05 

TSTM 

Erosion  has  occurred  to  a depth  of  4 feet.  0.05 

TSTM 

Some  ground  water  seepage  noticeable.  TSTM 

Erosion  has  occurred  to  a depth  of  1.5  feet.  dry 

Some  ground  water  seepage  is  noticeable. 

dry 

Erosion  is  occurring  In  the  weathered  rock  TSTM 

Some  ground  water  seepage  is  noticeable 

Erosion  has  occurred  to  a depth  of  3 feet.  TSTM 

Some  ground  water  seepage  is  noticeable. 


E.  D'APPOlONIA 

consulting  cnoinccm.inc. 


3. 


Tributary 

Number 

Remarks 

Tributary 

Number 

Remarks 

25 

26 

Very  little  erosion 

27 

Erosion  has  occurred  to 

28A 

28B 

Measured  Flow  in 
gallons /second 

dry 

dry 

TSTM 

dry 

dry 


Summary  of  Inflow 

Tributaries  1 to  28B 
+ 14  x TSTM 
Total  surface  inflow 


1.20  gallon/ second 
0.30  gallon /second 
1.50  gallon/second 


II:  Surface  outflow 

doi“tce“  i.» 

Flow  through  culvert  $ 36"  at 


south  abutment 
Total  surface  outflow 


- 0.2  gallon/ second 
1.30  gallon/second 


III:  Net  surface  inflow  * 1.50  - 1.30  ■ 0.20  gallon/second. 
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Bauer  Engineering.  Inc. 

CONSULTING  ENGINEERS  l-AHO  AMD  W* TER  RESOURCES 
SO  North  Wacne*  Drive 
Chicago,  Illinois  00606 


|X2|  •41*0210 


August  27,  1970 


Caoie  Adorcss 
*SAU CHENG  CHICAGO* 


Mr.  Dominic  DiOrio 
Eastern  Region  Operations  Manager 
Boise  Cascade  Corporation 
10400  W.  Higgins  Road 
Rosemont,  Illinois  60618 

Re:  Inspection  Report  Dam  at  Lake 
of  the  Woods  198.  001 

‘Dear  M*.  DiOrio: 

A thorough  inspection  of  the  main  dam  at  Lake  of  the  Woods, 
Virginia  was  made  August  17,  1970  at  your  request.  In  general,  the 
dam  appeared  to  be  in  excellent  condition. 

The  enclosed  check  list  was  used  and  appropriate  comments 
made.  .! 

Please  Note  the  following  corrective  actions  are  indicated 
•as  being  necessary: 

1.  TOP  OF  DAM 

The  top  of  the  dam  appears  to  be  irregular  and  rutted.  A 
profile  should  be  made  along  the  center^line  of  the  dam  to  determine 
if  the  dam  is  at  the  designed  grade.  P*nce  no  bench  marks  may  be 
available,  I suggest  the  elevation  of  thli  spillway  crest  be  used  as 
elevation  317.5.  The  dam  then  should  have  an  elevation  no  lower 
than  325  or  7. 5. feet  above  the  spillway  crest.  If  it  is  found  that 
the  elevation  of  the  top  of  dam  is.  lower  than  elevation  325  material, 
either  clay  or  well  graded  crushed  rock,  should  be  added.  If  clay 


is  used  the  existing  surface  should  be  scarified  and  the  new  material 
* rolled  with  a sheeps  foot  in  layers  not  exceeding  8 inches  thick. 


If  the  elevation  is  found  to  be  higher  than  325,  the  top  * 
should  be  scarified  and  reshaped  with  a blade  in  order  to  obtain 
a uniform  section  which  will  drain  (preferably  into  the  lake)  and 
which  has  no  ruts. 

2.  ABUTMENTS 

Generally  the  abutments  are  in  excellent  condition.  No 
seepage  was  noted  where  the  fill  contacts  the  original  ground. 
However,  some  erosion  was  noticed  at  the  downstream  slope  of 
the  north  abutment.  The  grade  is  steep  and  a grass  cover  from 
seed  will  be  difficult  to  grow.  Sod  is  suggested  here  in  order  to 
stop  further  deterioration. 


3.  DOWNSTREAM  SLOPE 

This  also  appears  to  be  in  good  condition.  No  adverse 
seepage  is  evident.  One  filter  drain  is  flowing  slowly,  but  this 
is  normal  and  will  cause  no  trouble.  Some  erosion  was  noticed. 
The  downstream  slope  should  be  repaired  and  seeded  such  that  a 
good  stand  of  grass  checks  further  erosion.  Regular  mowing  should 
be  done  in  order  to  prevent  trees  from  growing. 

A wrench  should  lie  provided  for  the  outlet  valve. 

4.  DOWNSTREAM  FROM  TOE 

No  problems  noted. 

5.  SPILLWAY 

H 

Generally  the  spillway  is  in  excellent  condition.  Some 
small  hairline  cracks  were  noted.  These  are  simply  shrinkage  and 
in  no  way  will  impair  the  performance  of  the  concrete.  In  time 
(2  or  3 years)  these  cracks  may  become  larger.  At  that  time  they 
could  require  cleaning,  widening  and  filling  with  a sealant.  I 
suggest  using  "Sika  Colma  Joint  Sealer  - NS"  in  accordance  with 
Manufacturer’s  instructions. 
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FACILITIES  STUDY 


MARTIN,  CLIFFORD  & ASSOCIATES 
STAFFORD,  WILLIAMSBURG  AND 
CHARLOTTESVILLE,  VIRGINIA 
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SECTION  IV 

DAMS , SPILLWAYS  AMD  LAKES 


Situated  within  the  confines  of  the  Lake  of  the  Woods 
development,  are  two  lakes,  one  approximately  500  acres  and  the  other  25  acres.  • 

The  larger  one  is  intended  for  water  skiing,  sailboating,  swimming  and  other 
recreational  purposes,  whereas  the  smaller  lake  is  mainly  for  fishing.  The 
large  lake  was  reviewed  in  two  basic  areas,  lake  portion  and  spillway  and  dam 
portion  with  the  following  appropriate  comments: 

Lake 

One  of  the  main  concerns  of  the  lake  was  the  possibility  of 
silt  deposits.  In  order  to  evaluate  this  situation,  fathometer  readings  were 
taken  and  recorded.  See  attached  schedule  and  location  map  at  the  end  of  this 
section.  Certain  discrepancies  were  found  between  the  readings  taken  and  the 
topographical  data  that  was  made  available.  It  is  believed  that  this  could  be 
accountable  to  the  fact  that  the  topographical  information  was  not  ’‘as-built" , 
that  is,  up-dated  after  construction  of  the  facility  was  completed. 

The  readings  taken  do  not  show  an  appreciable  difference,  or 
unexplainable  difference  between  the  topographical  information  and  the  soundings 
taken,  but  it  must  be  borne  in  mind  that  the  readings  were  taken  on  just  one 
occasion,  and  as  such,  it  is  difficult  to  compare  them  with  the  information  that 
was  made  available.  Although  a significant  difference  is  not  shown,  these  same 
readings  should  be  taken  on  a periodic  basis  to  insure  that  the  build-up  of  silt 
is  not  occurring.  It  is  interesting  to  note  that  of  the  twelve  point  samples 
taken,  those  in  the  finger  areas  where  silting  would  seem  to  be  occurring,  such  . 

as  in  the  vicinity  of  Tidewater  Street,  the  difference  between  the  topo  and  the 
soundings  is  negligible. 
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In  certain  areas  of  the  shoreline,  some  of  the  lot  owners 
have  attempted  to  protect  their  banks  by  placing  rip-rap.  Normal  water  level 
being  elevation  317.5,  this  rip-rap  should  be  laid  two  feet  above  and  below 
this  level  to  assure  sufficient  coverage  during  anticipated  variance.  The 
sections  covered  in  this  manner  noticeably  prevented  shortly,  the  effects  of 
erosion  of  the  property  compared  to  the  adjoining  lots  have  none.  The  wave  ac- 
tion from  both  the  prevailing  winds  and  the  passage  of  speedboats  will  necces- 
sitate  this  or  seme  other  similar  method  be  undertaken  by  all  owners  of  water- 
front lots.  As  the  majority  of  this  work  could  be  done  by  a barge  working  from 
the  lake,  it  would  be  an  economic  advantage  to  the  owners  to  employ  one  con- 
tractor to  do  the  entire  undertaking. 

Spillway  and  Dam 

The  major  evaluation  of  this  section  was  accomplished  by 
reviewing  the  drawings  prepared  by  the  Bauer  Engineering  company,  and  the  files 
available  at  the  office  of  the  Attorney,  Mr.  Moore,  in  Orange  County.  The  files 
included  such  items  as  design  criteria  and  calculations;  correspondence  among 
the  deisgn  engineer  and  the  engineering  firm  employed  to  review  their  work,  the 
developer  and  the  contractor  who  performed  the  work;  and  daily  time  sheets  of 
the  inspector  who  was  present  during  construction. 

The  files  indicate  that  there  were  minor  differences  of 
opinion  between  the  two  engineering  firms,  but  no  significant  differences  con- 
cerning final  plans  on  all  major  items.  Our  review  of  the  plans  indicate  that 
all  is  according  to  sound  engineering  principals,  and  was  executed  in  a profess- 
ional manner . In  calculation  of  a flood  routing  for  a 100  year  storm,  the 
difference  between  their  figure  (320.0)  and  ours  (319.5)  was  six  inches.  This 
is  a relatively  insignificant  difference,  and  the  discrepancies  could  be 
attributed  to  the  method  selected. 


The  crr.ck  in  the  spillway  wail  adjacent  to  the  gate  structure 
was  inspected  and  it  is  reasonable  to  assume  that  it  was  caused  by  a temperature 
change.  Over  a period  of  time  the  entrance  ci  water  will  cause  freezing  and 
thawing  problems  along  with  deterioration  to  the  reinforcing  steel,  with  this 
in  mind,  this  crack  will  eventually  have  to  be  repaired. 

The  concrete  walls  of  the  spillway  show  practically  no  signs 
of  wear . The  spillway  itself  is  spalling  in  some  areas , but  compared  to  the 
thickness  of  the  concrete,  it  is  of  little  consequence.  Possibly  after  several 
years  a thin  coating  of  new  concrete  should  be  applied.  This  is  frequently  done 
with  concrete  structures  and  will  restore  the  spillway  to  a new  appearance  after 
it  has  been  exposed  to  the  elements  for  many  years. 

The  seeding  of  the  bank  of  the  dam  was  at  one  time  somewhat 

of  a problem  to  the  maintenance  people,  with  the  advice  and  aid  from  the  soil 

Conservation  Service,  the  crews  are  now  conditioning  the  soil  with  lime  and 
adding  fertilization  with  noticeably  good  results.  Assuming  this  plan  is 
followed  on  a regular  basis,  adequate  vegetation  will  remain  on  the  banks. 

On  the  down  stream  side  of  the  dam  there  is  a certain  amount 

of  moisture  constantly  present  in  two  locations.  One  is  located  to  the  west  of 

the  outlet  valve  and  the  other  is  to  the  east  of  the  bottom  of  the  spillway. 
Although  no  soil  borings  were  taken  of  the  area,  it  was  felt  that  both  problems 
are  attributable  to  the  impermeability  of  the  soil  at  these  locations  and  not  a 
fault  of  the  dam.  By  providing  drainage  ditches  or  conduits  the  water  can 
easily  be  directed  to  the  water  discharging  from  the  outlet  valve  and  the  spill- 
way. 

On  two  separate  occasions,  samples  were  collected  from  the 
two  lakes.  The  samples  were  taken  directly  to  our  water  chemistry  laboratory 
for  analysis.  The  samples  were  preserved  by  refrigeration  prior  to  testing. 
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Bauer  Engineering,  Inc. 

20  North  Wacker  Drive 
Chicago,  Illinois  60606 

Attention:  Mr.  William  J.  Bauer,  President 
Gentlemen: 


1%n  copies  of  our  "Report  of  Soils  Exploration,  Proposed 
Dam-Lake  of  the  Woods  Reservoir,  Orange  County,  Virginia"  are  here- 
with submitted. 

The  scope  of  our  soils  exploration  was  planned  in  collab- 
oration with  Messrs.  William  J.  Bauer,  Robert  L.  Hall,  and  D.  R.  Knouse 
of  Bauer  Engineering,  Inc. 

Preliminary  data  were  provided  to  Messrs.  Bauer,  Hall  and 
Knouse  during  the  course  of  thi  investigation. 
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Yours  very  truly, 
DAMES  & MOORE 
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REPORT  OF  SOILS  EXPLORATION 
PROPOSED  DAM-LAKE  OF  THE  WOODS  RESERVOIR 
ORANGE  COUNTY,  VIRGINIA 
FOR 

BAUER  ENGINEERING,  INC. 

INTRODUCTION 

This  report  presents  the  results  of  our  soils  exploration  performed 

at  the  site  of  the  Proposed  Dam-Lake  of  the  Woods  Reservoir  to  be  constructed 

in  Orange  County,  Virginia.  The  proposed  dam  will  impound  the  water  flowing 

In  Flat  Run  Creek  and  the  water  derived  from  the  upstream  water  shed  area  in 
t 

the  vicinity  of  the  proposed  dam.  The  proposed  dam  will  be  located  approxi- 
mately one-fifth  of  a mile  upstream  from  where  Flat  Run  Creek  flows  under 
Virginia  State  Highway  3.  This  is  approximately  I mile  southeast  of 
Flat  Run,  Virginia  on  Virginia  State  Highway  3. 

The  field  explorations  included  the  drilling  of  18  test  borings 
and  the  excavation  of  one  test  pit.  The  locations  of  the  test  borings  and 
test  pit  are  shown  with  respect  to  the  proposed  dam  on  Plate  1,  Plot  Plan. 

SCOPE 

The  scope  of  our  soils  exploration  were  as  follows: 

1 - To  explore  the  subsurface  soil  and  water  conditions 
at  the  dam  site  to  the  depths  which  will  be  in- 
fluenced by  the  proposed  construction. 
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2 - To  determine  the  classification  and  pertinent 
physical  characteristics  including  compaction 
and  strength  properties  of  representative 
materials  encountered  within  the  proposed 
borrow  area. 


GEOLOGY 


The  site  of  the  Proposed  Flat  Run  Creek  Dam  is  located  in  an  area 
known  as  the  Piedmont  Upland  Province.  This  province  is  bordered  on  the 
west  by  the  Appalachian  Mountains  and  on  the  east  by  the  Atlantic  Coastal 
Plain.  The  typical  landscape  is  a rolling  surface  of  gentle  slopes  and 
no  great  Velief.  Average  relief  is  approximately  50  to  100  feet. 

The  rock  formations  of  the  Piedmont  Upland  consist  of  gneisses, 
schists,  slates  and  other  metamorphic  recks,  all  of  which  have  been  de- 
formed by  mountain-making  movements. 

The  soils  of  this  ^rea  are  basically  residual  with  snail  areas 
of  recent  alluvial  deposits  around  major  streams.  The  residual  soils  are 
the  products  of  weathering  of  the  generally  strong  metamorphic  rocks.  The 
residual  soil  is  quite  thick  in  seme  localities  and  thus  sound  rock  will 
usually  be  at  considerable  depths. 


SURFACE  CONDITIONS 


The  site  of  the  proposed  dam  is  located  within  a small  broad 
valley  which  contains  Flat  Run  Creek.  The  flow  of  Flat  Run  Creek  is  to 
the  north.  The  maximum  relief  in  the  immediate  area  is  approximately  85 
feet.  At  the  present  time,  the  majority  of  the  land  around  the  proposed 
dam  is  wooded. 


VI-3 


t 


SUBSURFACE  CONDITIONS 


The  subsurface  conditions  encountered  at  the  site  are  as  follows: 

1 - Brown  silty  topsoil 

2 - Reddish  brown  silty  clay  and  clayey  silt 

3 - Mottled  brown  and  gray  sandy  silt  (decomposed  rock) 

4 - Highly  weathered  rock  (gneiss) 

All  of  the  soils  in  the  area  investigated  are  basically  residual 
in  origin  except  for  a few  recent  alluvial  sand  and  gravel  deposits  along 
Flat  Run  Creek.  The  thickness  of  the  topsoil  varies  throughout  the  site 
with  greater  depths  being  found  on  gentle  slopes  and  flat  areas.  Underly- 
ing this  £opsoil  is  a reddish  brown  silty  clay  and  clayey  silt.  The  thick- 
ness of  this  soil  is  generally  on  the  order  of  five  feet.  In  the  areas 
around  Boring  XIV  and  adjacent  to  Flat  Run  Creek  this  soil  is  absent.  This 
absence  is  probably  due  to  the  erosional  affect  of  Flat  Run  Creek.  Under- 
lying this  stratum  there  is  a layer  of  mottled  brown  and  gray  sandy  silt 
(decomposed  rock).  The  struiture  of  the  rock  from  which  this  residual 


the  rock  from  which  this  residual 


soil  has  formed  can  still  be  seen  in  undisturbed  samples  obtained  from  this 
stratum.  Below  the  mottled  brown  and  gray  sandy  silt  (decomposed  rock) 
weathered  gnei ss  is  encountered.  To  assist  you  in  visualizing  the  subsur- 
face conditions  encountered  at  the  site  of  the  proposed  dam,  graphical 
illustrations  are  presented  on  Plates  2A  and  2B,  Subsurface  Sections. 


— oOo— 


The  following  Plates  and  Appendix  are  attached  and  complete  this 


report: 


Plate  1 - Plot  Plan 

Plate  2A  - Subsurface  Section  A-A 

Plate  2B  - Subsurface  Section  B-B 

Appendix  - Explorations  And  Laboratory  Tests 


t 


Respectfully  submitted, 
DAMES  & MOORE 

l James  B.  Thompson 
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APPENDIX 

EXPLORATIONS  AND  LABORATORY  TESTS 


EXPLORATIONS; 

The  subsurface  conditions  at  the  site  of  the  proposed  dam  were  in- 
vestigated by  drilling  18  test  borings,  which  ranged  in  depth  from  approxi- 
mately 11  to  5^  feet  below  the  existing  ground  surface,  utilizing  truck  mounted 
rotary  wash  and  rotary  auger  drilling  equipment.  One  test  pit  was  also  exca- 
vated in  the  proposed  borrow  area  of  the  proposed  dam  in  order  to  visually  in- 
spect the  subsurface  soils  to  be  used  as  borrow  and  to  obtain  a bulk  sample 
for  laboratory  tests. 

/The  drilling  and  test  pit  operations  were  supervised  by  one  of  our 
field  engineers,  who  maintained  a log  of  the  borings  and  test  pit  and  obtained 
undisturbed  samples  of  soils  and  rock  encountered  in  the  borings.  Graphical 
representation  of  the  soils  encountered  in  the  borings  and  the  test  pit  are 


shown  on  Plate  A-IA  through  A-lF.  The  method  utilized  In  classifying  the 


J 


soils  is  defined  on  Plate  A-2-,  Unified  Soil  Classification  System.  Undisturbed 
samples  of  the  soils  penetrated  by  the  borings  were  obtained  in  a soil  sampler 
of  the  type  illustrated  on  Plate  A-3,  Soil  Sampler  Type  U.  The  rock  was  cored 
utilizing  double  tube  core  barrels  and  diamond  bits.  The  boring  locations 
were  obtained  in  the  field  by  representatives  from  the  Prince  William 
Engineering  Co.  The  elevations  of  the  borings  were  obtained  from  a topo- 
graphic map  of  the  area  provided  by  Bauer  Engineering,  Inc.  The  ground  sur- 
face elevation  is  presented  above  the  log  of  each  boring  and  these  elevations 
refer  to  the  U.S.G.S.  Datum.  Water  levels  recorded  in  the  borings  during 
our  field  investigation  are  presented  on  the  Log  of  Borings. 
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LABORATORY  TESTS: 

Laboratory  tests  were  performed  on  bulk  samples  of  proposed  borrow 
soil  excavated  from  the  test  pit.  The  laboratory  tests  consisted  of  identi- 
fication tests,  compaction  tests  and  strength  tests. 

Identification  Tests  - The  Atterberg  Limits  and  particle  size  dis- 
tribution of  the  bulk  samples  of  soli  were  determined  to  assist  in  the 
identification  of  the  soil. 

Atterberg  Limits  - The  Atterberg  Limits,  consisting  of  the  liquid 
limit,  plastic  limit,  and  plasticity  index,  were  determined  to  facilitate  the 
classification  of  the  soil  according  to  the  Unified  Soil  Classification 
System.  The  method  of  performing  the  Atterberg  Limits  may  be  found  in  most 
standard  Soil  Mechanics  texts.  Briefly,  the  liquid  limit  of  a soil  is  that 
moisture  content  at  which  the  soil  is  practically  liquid  but  presumably 
possesses  the  smallest  shearing  strength  which  may  be  measured  by  a stan- 
dardized procedure.  The  plastic  limit  of  a soil  is  the  lowest  moisture 
content  of  which  a soil  is  plpstic.  The  plasticity  index  is  a measure  of 
the  plastic  properties  of  soils  and  is  defined  as  the  range  in  moisture 
content  between  the  plastic  and  liquid  limits. 


The  Atterberg  Limits 

are  tabulated 

below: 

ATTERBERG  LIMITS 

TEST  PIT  AND 

DEPTH  IN  FEET 

LIQUID 

LIMIT 

PERCENT* 

PLASTIC 

LIMIT 

PERCENT* 

PLASTICITY 

INDEX 

UNIFIED  SOIL 
CLASSIFICATION 

TP-1  2i  to  3i 

39 

24 

15 

ML-CL 

A- 3 


Particle  Size  Distribution  - Determination  of  the  particle  size 
distribution  of  the  proposed  borrow  soil  obtained  from  the  test  pit  was 
made  to  facilitate  the  classification  of  the  soil  and  to  aid  in  the  design 
of  the  proposed  dam.  The  particle  size  distribution  curves  are  shown  on 
Plate  A-6. 

Compaction  Tests  - A compaction  test  was  performed  on  the  bulk 
sample  of  proposed  borrow  soil  to  determine  the  relationship  between  moisture 
content  and  dry  density  under  controlled  conditions  and  to  establish  criteria 
for  the  placement  and  compaction  of  the  soil  in  the  construction  of  the  pro- 
posed dam.  The  compaction  test  was  performed  in  accordance  with  the  AASHO* 
Compaction  Test  Designation  T 180-57  which  is  described  on  Plate  A-4,  Method 
of  Performing  Compaction  Tests.  The  results  of  the  compaction  test  are  pre- 
sented on  Plate  A-7,  Compaction  Test  Data. 

Strength  Tests  - Direct  shear  tests  were  performed  on  compacted 
samples  of  the  proposed  borrow  soil  obtained  from  the  test  pit  in  the  manner 
described  on  Plate  A-5,  Method  of  Performing  Direct  Shear  and  Friction  Tests. 
Stress-strain  curves  were  plotted  for  each  strength  test. 

Six  samples  were  compacted  a little  on  the  dry  side  of  optimum 
moisture  content  to  90  percent  maximum  dry  density  and  six  samples  were  com- 
pacted a little  on  the  dry  side  of  optimum  moisture  content  to  95  percent  of 
maximum  dry  density.  Direct  shear  tests  were  then  performed,  under  different 
normal  pressures,  on  half  of  the  samples  compacted  to  90  percent  of  maximum 
dry  density  and  half  of  the  samples  compacted  to  95  percent  of  maximum  dry 
density.  The  remaining  samples  were  submerged  under  water  and  various  sur- 
charge pressures  for  five  days  prior  to  direct  shear  testing.  Direct  shear 

* American  Association  of  State  Highway  Officials 
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A-4 

tests  were  also  run  on  other  samples  that  were  compacted  wet  of  optimum  to 
84  and  88  percent  of  maximum  dry  density.  The  results  of  these  tests  are 
plotted  on  Plate  A-8,  Direct  Shear  Test  Results  on  Compacted  Samples. 


— 0O0 — 


The  following  Plates  are  attached  and  complete  this  Appendix: 
Plate  A-1A  - Log  of  Borings  (Borings  1,  II,  III  and  IV) 

Plate  A-1B  - Log  of  Borings  (Borings  V,  VI,  and  VI l) 

Plate  A-1C  - Log  of  Borings  (Borings  VIII  and  IX) 

Plate  A- ID  - Log  of  Borings  (Borings  X,  XI  and  XI I ) 

Plate  A- IE  - Log  of  Borings  (Borings  XIII,  XIV,  XV  and  XVI) 

HMate  A-IF  - Log  of  Borings  and  Test  Pit  (Borings  XVII  and 
XVIII  and  Test  Pit  1) 


Plate  A-2 
Plate  A-3 
Plate  A-4 
Plate  A-5 

Plate  A-6 
Plate  A- 7 
Plate  A-8 


Unified  Soli  Classification  System 
Soil  Sampler  Type  U 
Method  of  Performing  Compaction  Tests 
Method  of  Performing  Direct  Shear  and  Friction 
Tests 

Particle  Size  Distribution 
Compaction  Test  Data 

Direct  Shear  Test  Results  on  Compacted  Samples 
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UNIFIED  SOIL  CLASSIFICATION  SYSTEM 


Method  Of  Performing  Compaction  Tests 

(STANDARD  AND  MODIFIED  A.A.S.H.O.  METHODS) 


IT  HAS  BEEN  ESTABLISHED  THAT 
THEN  COMPACTING  EFFORT  IS  HELD 
CONSTANT,  THE  DENSITY  OF  A 
ROLLED  EARTH  FILL  INCREASES 
WITH  ADDED  MOISTURE  UNTIL  A 
MAXIMUM  DRY  DENSITY  IS  OBTAINED 
AT  A MOISTURE  CONTENT  TERMED 
THE  "OPTIMUM  MOISTURE  CON- 
TENT,” AFTER  WHICH  THE  DRY 
DENSITY  DECREASES.  THE  COM- 
PACTION CURVE  SHOWING  THE  RE- 
LATIONSHIP BETWEEN  DENSITY  AND 
MOISTURE  CONTENT  FOR  A SPECIFIC 
COMPACTING  EFFORT  IS  DETER- 
MINED BY  EXPERIMENTAL  METHODS. 
TWO  COMMONLY  USED  METHODS  ARE 
DESCRIBED  IN  THE  FOLLOWING 
PARAGRAPHS. 


I 


FOR  THE  "STANDARD  A.A.S.H.O.” 
(A.S.T.M.  D698-58T  & A.A.S.H.O. 

T99-57)  METHOD  OF  COMPACTION  A 
PORTION  OF  THE  SOIL  SAMPLE 
PASSING  THE  NO.  4 SIEVE  IS  COM- 
PACTED AT  A SPECIFIC  MOISTURE 
CONTENT  IN  THREE  EQUAL  LAYERS 
IN  A STANDARD  COMPACTION  CY- 
LINDER HAVING  A VOLUME  OF  1/30 
CUBIC  FOOT,  USING  TWENTY-FIVE 
12-INCH  BLOWS  OF  A STANDARD  5-1/2 
POUND  RAMMER  TO  COMPACT  EACH 
LAYER. 


SOME  APPARATUS  FOR  PERFORMING  COMPACTION  TESTS 
Shows,  from  loft  to  right,  5-1/2  pound  rammer  (sleeve 
controlling  12”  height  of  drop  removed),  1/30  cubic- 
foot  cylinder  with  removable  collar  and  base  plate, 
and  10  pound  rammer  within  sleeve. 


IN  THE  "MODIFIED  A.A.S.H.O.”  (A.S.T.M.  D-1557-S8T  fc  A.A.S.H.O.  T 180-57)  METHOD  OF  COMPACTION 
A PORTION  OF  THE  SOIL  SAMPLE  PASSING  THE  NO.  4 SIEVE  IS  COMPACTED  AT  A SPECIFIC  MOISTURE 
CONTENT  IN  FIVE  EQUAL  LAYERS  IN  A STANDARD  COMPACTION  CYLINDER  HAVING  A VOLUME  OF 
1/30  CUBIC  FOOT,  USING  TWENTY-FIVE  18-INCH  BLOWS  OF  A 10-POUND  RAMMER  TO  COMPACT  EACH 
LAYER.  SEVERAL  VARIATIONS  OF  THESE  COMPACTION  TESTING  METHODS  ARE  OFTEN  USED  AND 
THESE  ARE  DESCRIBED  IN  A.A.S.H.O.  & A.S.T.M.  SPECIFICATIONS. 

For  BOTH  METHODS,  THE  WET  DENSITY  OF  THE  COMPACTED  SAMPLE  IS  DETERMINED  BY  WEIGHING 
THE  KNOWN  VOLUME  OF  SOIL;  THE  MOISTURE  CONTENT,  BY  MEASURING  THE  LOSS  OF  WEIGHT  OF  A 
PORTION  OF  THE  SAMPLE  WHEN  OVEN  DRIED;  AND  THE  DRY  DENSITY,  BY  COMPUTING  IT  FROM  THE 
VtFT  DENSITY  AND  MOISTURE  CONTENT.  A SERIES  OF  SUCH  COMPACTIONS  IS  PERFORMED  AT  IN- 
CREASING MOISTURE  CONTENTS  UNTIL  A SUFFICIENT  NUMBER  OF  POINTS  DEFINING  THE  MOISTURE- 
DENSITY  RELATIONSHIP  HAVE  BEEN  OBTAINED  TO  PERMIT  THE  PLOTTING  OF  THE  COMPACTION 
CURVE.  THE  MAXIMUM  DRY  DENSITY  AND  OPTIMUM  MOISTURE  CONTENT  FOR  THE  PARTICULAR  COM- 
PACTING EFFORT  ARE  DETERMINED  FROM  THE  COMPACTION  CURVE. 
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DIRECT  SHEAR  TESTING 
t RECORDING  APPARATUS 


Methoo  Of  Performing  Direct  Shear  and  Friction  Tests 


Direct  shear  tests  are  performed  to  determine 

THE  SHEARING  STRENGTHS  OF  SOILS.  FRICTION  TESTS 
ARE  PERFORMED  TO  DETERMINE  THE  FRICTIONAL  RE- 
SISTANCES  BETWEEN  SOILS  AND  VARIOUS  OTHER  MATE- 
RIALS SUCH  AS  WOOD,  STEEL,  OR  CONCRETE.  THE  TESTS 
ARE  PERFORMED  IN  THE  LABORATORY  TO  SIMULATE 
ANTICIPATED  FIELD  CONDITIONS. 


EACH  SAMPLE  IS  TESTED  WITHIN  THREE  BRASS  RINGS, 

TWO  AND  ONE-HALF  INCHES  IN  DIAMETER  AND  ONE  INCH 
IN  LENGTH.  UNDISTURBED  SAMPLES  OF  IN-PLACE  SOILS 
ARE  TESTED  IN  RINGS  TAKEN  FROM  THE  SAMPLING 

DEVICE  IN  WHICH  THE  SAMPLES  WERE  OBTAINED.  LOOSE  SAMPLES  OF  SOILS  TO  BE  USED  LN  CON- 
STRUCTING EARTH  FILLS  ARE  COMPACTED  IN  RINGS  TO  PREDETERMINED  CONDITIONS  AND  TESTED. 

Direct  Shear  Tests 

A THREE-INCH  LENGTH  OF  THE  SAMPLE  IS  TESTED  IN  DIRECT  DOUBLE  SHEAR.  A CONSTANT  PRES- 
SURE, APPROPRIATE  TO  THE  CONDITIONS  OF  THE  PROBLEM  FOR  WHICH  THE  TEST  IS  BEING  PER- 
FORMED, IS  APPLIED  NORMAL  TO  THE  ENDS  OF  THE  SAMPLE  THROUGH  POROUS  STONES.  A SHEARING 
FAILURE  OF  THE  SAMPLE  IS  CAUSED  BY  MOVING  THE  CENTER  RING  IN  A DIRECTION  PERPENDICULAR 
TO  THE  AXIS  OF  THE  SAMPLE.  TRANSVERSE  MOVEMENT  OF  THE  OUTER  RINGS  IS  PREVENTED. 

The  shearing  failure  may  be  accomplished  by  applying  to  the  center  ring  either  a 

CONSTANT  RATE  OF  LOAD,  A CONSTANT  RATE  OF  DEFLECTION,  OR  INCREMENTS  OF  LOAD  OR  DE- 
FLECTION. IN  EACH  CASE,  THE  SHEARING  LOAD  AND  THE  DEFLECTIONS  IN  BOTH  THE  AXIAL  AND 
TRANSVERSE  DIRECTIONS  ARE  RECORDED  AND  PLOTTED.  THE  SHEARING  STRENGTH  OF  THE  SOIL 
IS  DETER KflNED  FROM  THE  RESULTING  LOAD-DEFLECTION  CURVES.  V ! 

Friction  Tests  ’ 

IN  ORDER  TO  DETERMINE  THE  FRICTIONAL  RESISTANCE  BETWEEN  SOIL  AND  THE  SURFACESOF  VARIOUS 
MATERIALS,  THE  CENTER  RING  OF  SOIL  IN  THE  DIRECT  SHEAR  TEST  IS  REPLACED  BY  A DISK  OF  THE 
MATERIAL  TO  BE  TESTED.  THE  TEST  IS  THEN  PERFORMED  IN  THE  SAME  .IANNER  AS  THE  DIRECT 
SHEAR  TEST  BY  FORCING  THE  DISK  OF  MATERIAL  FROM  THE  SOIL  SURFACES. 
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PLATE  A-  5 


U.S.  STANDARD  SIEVE  SIZE 
SIN.  I.SIN.S/4IN.S/8IN.4  10  20  4 


GRADATION  CURVE 


SAMPLE  NO  I DEPTH 2>5*.  ELEVATION  ?6?  g 

goii  REDDISH-BROWN  SILTY  CLAY  WITH  TRACE  OF  SAND 

LOCATION  TEST  PIT  I 

OPTIMUM  MOISTURE  CONTENT I.3  0 % 

MAXIMUM  DRY  DENSITY 116  LBS./CU.  FT. 

METHOD  OF  compaction  A.A.S.H.O.  T I80-57(METHOD  A) 


SHEAR  STRENGTH  IN  LBS./ SO.  FT. 


4000 


95 % MAXIMUM  DRY  DENSITY 
S'  13%  OPTIMUM  MOISTURE  CONTENT 
! I 


i i 

90%  MAXIMUM  DRY  DENSITY 
13%  OPTIMUM  MOISTURE  CONTENT 


2500 


2000 


88%  MAXIMUM  DRY  DENSITY 
X 20%  MOISTURE  CONTENT 


I 

/WL  maximum  dry  density 

20%  MOISTURE  CONTENT 
**  I I 


95%  MAXIMUM  DRY  DENSITY 
/ 21%  SATURATED  MOISTURE  CONTENT 

r ! i 


90%  MAXIMUM  DRY  DENSITY 

21%  SATURATED  MOISTURE  CONTENT 


NORMAL  PRESSURE  IN  LBS./ SO.  FT. 


DIRECT  SHEAR  TEST  RESULTS 
ON  COMPACTED  SAMPLES 


VI-26 


PLATE  A- 9 


DAMES  & MOORE 

CONSULTANTS  in  applied  CABTh  sciences 
soa  Mce>«AMics  . c*c*ncc«'mo  ocoloot  • 3com***»ic» 


. •*«»  TO**  f • 

K—CJXJO  •©•▼»>•• 

Md*K>kUkW  »*cT  i**C  Cl  TV 

«OV»ro*  Ta«*cisco 

to*  **>Ck(f  *U>*U 

»«M*«aro*.  e c 

MUMIO.  »»*««  ■ • CAMS* 

It****  !••«* 


3CS  WEST  JACKSON  BOULEVARD  • CHICAGO*  I LLINOtS  60606  • 3*2-922-1773 
PARTNERS:  JAMES  B.  THOMPSON  • GEORGE  O.  LEAL 

associate:  william  g.  paratorc 


Juno  7.  1967 


Bailor  Engineering,  Inc. 

20  North  Wacker  Drlva 
Chicago,  Illinois  60606 

Attention:  Mr.  William  J.  Bauor,  President 


Bent  Ionian: 


Report-Results  of  the  Field  Explorations  and 
Laboratory  Testing 

Proposed  0am  - Lake  of  the  Woods  Reservoir 
Orange  County,  Virginia 
For  Bauer  Engineering.  Inc. 


INTRODUCTION  AND  SCOPE 


This  report  presents  the  results  of  our  field  explorations 
and  laboratory  testing  performed  In  connection  with  the  Proposed  Daw  - 
Lake  of  the  Woods  Reservoir  which  Is  being  constructed  In 
Orange  County,  Virginia. 

The  scope  of  our  field  explorations  and  laboratory  testing 
was  planned  In  collaboration  with  Messrs.  Robert  L.  Hall  and 
Oonald  Wlkan  of  Bauer  Engineering,  Inc.,  Messrs.  Gay  0.  Jones  and 
Jack  W.  Burke  of  Howard,  Needles,  Tarnaen  t Bergendoff,  and 
Messrs.  John  S.  Keating  and  Robert  L.  Boone  of  United  States  Land,  Inc. 
at  a meeting  held  on  May  10,  I967 . 
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The  scope  of  our  services  Included: 

1 - The  supervision  of  the  drilling  and  sampling 

of  three  exploration  test  borings  drilled  at 
approximately  Station  7 ♦ 25  within  the 
partially  constructed  dam  embankment.  These 
operations  wore  performed  to  obtain  representa- 
tive undisturbed  samples  of  the  embankment  soils 
for  laboratory  testing. 

2 - The  performance  of  laboratory  tests  on  the  embank- 

ment soils  and  the  presentation  of  the  original 
laboratory  test  data  to  Bauer  Engineering,  Inc. 


FIElfl  EXPLORATIONS 


The  subsurface  soil  conditions  of  the  partially  constructed 
dam  embankment  were  explored  by  drilling  three  test  borings  with 
truck  mounted,  auger  type  caisson  drilling  equipment.  The  borings 
were  12  inches  In  diameter  and  penetrated  through  the  embankment  fill 
and  Into  the  underlying  natural  soils.  Undisturbed  soli  samples  were 
obtained  from  the  test  borings  by  hydraulically  pushing  a Dames  t Moore 
Soil  Sampler  having  a thin-well  bit  extension.  Two  test  pits  were  also 
excavated  utilizing  backhoe  equipment.  One  test  pit  was  excavated 
adjacent  to  Boring  1 and  the  other  adjacent  to  Boring  3*  Shelby  tubes 
were  hydraulically  pushed  Into  the  sides  of  the  test  pits  to  obtain 
undisturbed  samples  of  soil  for  horizontal  permeability  determinations. 

The  drilling  and  backhoe  operations  were  supervised  by  one 
of  our  field  engineers  who  maintained  a log  of  the  soils  encountered. 

The  location  of  the  borings  and  test  pits,  and  graphical  representations, 
of  the  soils  penetrated  by  the  borings  are  shown  on  Plate  1.  The 
method  utilized  In  classifying  the  soils  Is  defined  on  Plate  2,  The 
boring  locations  and  elevations  were  provided  to  us  by  representatives 
of  Bauer  Engineering,  Inc. 
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LABORATORY  TESTS 


Laboratory  tests  were  performed  on  the  soli  samples  obtained 
from  the  test  borings  and  pits  to  obtain  certain  physical  properties 
of  the  ln-sltu  earth  embankment.  The  following  tests  were  performed: 

1 - Trlaxlel  Compression  Tests 

a • Consolidated  • Und rained  (Saturated) 
b • Unconsolidated  - Und rained  (Field  Moisture  Content) 

2 - Consolidation  Tests  (To  determine  horizontal  and 

vertical  permeabilities) 

3 - Moisture-Density  Tests 

4 * Compaction  Tests  (AASHO  T 180-57) 

5 - Atterberg  Limits  and  Grain  Size  Analyses 

The  above  tests  were  performed  utilizing  conventional  soil 
testing  procedures.  Copies  of  the  original  laboratory  test  data  are 
presented  In  Attachments  A through  G. 

It  has  been  a pleasure  to  work  with  you  on  this  project. 
Should  you  need  any  assistance  In  the  Interpretation  of  the  laboratory 
test  data,  please  do  not  hesitate  to  contact  us. 
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The  following  Plates  and  Attachments  are  enclosed  and 
complete  this  report: 

Plate  I - Plot  Plan  and  Log  of  Borings 

s Plate  2 - Unified  Soil  Classification  System 

Attachment  A - Triaxial  Compression  Tests 

Consolidated  - Und rained,  Saturated 

Attachment  B - Triaxial  Compression  Tests 
Unconsolidated  - Und rained. 

Field  Moisture  Content 

Attachment  C - Consolidation  Tests  For  Vertical 
Permeabilities 

Attachment  0 - Consolidation  Tests  For  Horizontal 
Permeabilities 

Attachment  E - Supplementary  Moisture-Density  Tests 
Attachment  F - Compaction  Test  Data  (AASHO  T 180-57) 
Attachment  G - Atterberg  Limits  and  Grain  Size  Analyses 


Respectfully  submitted, 
DAMES  t MOORE 

William  G,  Paratore 

WGP:MLK:mf 
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UNIFIED  SOIL  CLASSIFICATION  SYSTEM 


SAMPLE  NO 


DEPTH  (FtV.^.o  TYPE  OF  TEST 


CONSOLI- 

DATION 


ORIGINAL  SAMPLE  HEIGHT  (h0) . . _ 

INITIAL  DIAL:  O.ooo  FINAL  DIAL:  Q-lU.  . CHANGE  IN  HEIGHT  (a.h)  : . ._j© 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc)  . . _ 

PERCENTS  DEFLECT  ION.  (e)  

ORIGINAL  SAMPLE  VOLUME  (v«) i... i, . 

INITIAL  BURETTE;  VO’S-o  FINAL  BURETTE:  \<U  o.  CHANGE  IN  VOLUME  (m/)  . . . 
SAMPLE  VOLUME  AFTER  CONSOLIDATION  (vc)  . 

ORIGINAL  SAMPLE  AREA  (a0) • 
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SOIL  TYPE  nB>ii)». 

Ar.v).ct 

SAMPLED  t / ,a-  /(/] 

SATURATES  TEST  X -J 

TYPE  5s  TEST~~T></AaA 

W •ight  tail  & £*f*f’no. 

Ory  w«ight  sail  & d>'f 
N«r  last  of  moisture 
Weight  af  dish  only 
Net  weight  of  dry  sail 
Moisture,  *!•  af  dry  weight 

Wt.  solids  * moisture 

v;  + 454 
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Weight  solids 
Wet  density  W0  + VQ 
Dry  density 


IF'-O ^MOISTURE  TEST  _ 


0&k JSifc. 

Net  diameter 


D.  2.4d_ 


Volume  AH  * 1728 
0 o 

Volume  (A0H0)  . 18.4 
Specific  gravity  of  solids 
Volume  of  solids  W#  *Ct 

(v.  • v,)  + V, 

Initial  burette  reading 
Burette  reeding  under  pressure 
(V.  - V.)  ♦ V. 


■■■■■■■■■■■Si 

■■■■■■■■■■I 

npiaiiinn^H 

!■■■■■■■■■■— i 

BIlHininnl 

— ■■■—■■■■■— ■■«■■■■■■■■! 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 


!■■■■■■■■■■■■■■■■■■■■ 
!—■■■■■■■■■■■■■■■■■ 
■^^■■■■■■■■■■■■n 

IB8BS 


_L 


o VI-36  « 


boring:  ? 

SAMPLE  NO.:^'? 

\'S  ffa 


\L  oo 


SATURATION  DATA 


•a  TYPE  OF  TEST 


FORE  ^ B 
PRESSURE 


CONSOLI- 

EATION 

EATA 


KG03I 


ORIGINAL  SAMPLE  HEIGHT  (h0) 

^ - Loo 

IN. 

INITIAL  OlALrs-iPdO  FINAL  OIAL:  O.otS.  t CHANGE  IN  HEIGHT 

X 
— ^ 

• • 

• 

• 

1 

• OTL 

IN. 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc) 

PERCENTS  OSFLECTION.(e) , 

^IN. 

< 

ORIGINAL  SAMPLE  VOLUME  (v.) 1 

A'io.o 

CC.  ‘ 

' INITIAL  BURETTE:  FINAL  BURETTE ! !£*•£. f CHANGE  IN  VOLUME 

< 

• 

• 

• 

1 1 

li.L 

_cc. 

SAMPLE  VOLUME  AFTER  CONSOLIDATION  (v«j 

"original  sample  area  (a0) 

<Uo 

_cc. 

IN". 

AJEA  CORRECTION:  : 

A*-A,(  |-M//yy/  l-E) 

r 

■ SO.  IN.  . . 

• 
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SATURATION  & CONSOLIRMION  PHASE 
VI-37  TRIAXIAL  COMPRESSION  TEST 


LOCATION 


, SORING  * 


SAMPLED  _^S£j?/  /tj  SET-UP  ^ /3-t  /(f\ 


SATURATED  TEST  g 
TTPS  OP  TEST  ~r</c 


•o  PIELO  MOISTURE  TEST  □ 

-gaapt^l  *“ 

L_4oi=_ 


Weight  soil  & d-*rr'no 
Dry  weight  soil  & dieff  (pirf 
Not  lost  of  moisture  ^ T 4 


Weight  of  dish  only 


Net  weight  of  dry  soil 
Moisture,  % of  dry  weight 


Wt.  solids  ♦ moisture 


W_  ♦ 454 


Weight  solids 


Wet  density  W#  ♦ V 


Dry  density 


SAMPLE  a 


TEST  L 


Net  diameter 


(0.735  D l) 


Height 


Volume  (AH)  + 1728 


Volume  (A0H0)  « 16.4 


Specific  gravity  of  solids 


Volume  of  solids  W.  - G 


(V.  - V.)  ♦ V 


Initial  burette  reading 


Burette  reading  under  pressure 
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V,)  ♦ V 
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CONSOLI- 

EATIOU 


ORIGINAL  SAMPLE  HEIGHT  (h0) 

INITIAL  OIAL:  e.e-rro  FINAL  DIAL:  . CHANGE  IN  HEIGHT  (*h) : 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc).. 

PERCENTS  OEFLECT  ION.(e) .'. 

ORIGINAL  SAMPLE  VOLUME  (v#) . 1 

INITIAL  BURETTE:  FINAL  BURETTE:  - CHANGE  IN  VOLUME  (a>v)  . 

SAMPLE  VOLUME  AFTER  CONSOLIDATION  (v«  ) 

ORIGINAL  SAMPLE  AREA  (a0) 

AREA  CORRECTION: 

A*“A.(  l-Av/v.^/  I.-E) 


fa  .Q-rro  \ N . 

Q-oV~  IN. 

.IN. 

i 

«Uvo  CC. 
M.1  CC. 

ZHITEcc. 


SQ.  IN. 


SATURATION  & CONS 0 LI CATION  PHASE 
VI-39  TRIAXIAL  COMPRESSION  TEST 


' jo  a t - OQ^  - o7 

ov»NgR~^>,&.0^.<g_  ^Loq.Z..  da  . LOCATION (Ty?xC&=  BORinO  » ~ 

SOIL  T-3*  ^2st0>  g.  V-Y  it O C-L^  c.^  _5L'V*\.  s*,?y--Vl>  *T!* OEPTh  4:2. 

“<>ej.Te.i_  C^t^s c.'-^  Cm  L — P M-L-b sample  * _«A 

SAVPLEO  vt-o  /V3-  /^J  SET-UP TESTED  Qtl’X**,  ( ftyL.QFPIC£l 


SAT-.PATE-  test  2 

TYPE  OP  TEST 

Weight  sail  & e— w<  no 


_ PIELO  MCISTL'RE  TEST  H 

^SS2S3J4S2SS».  *“ 

<$■>.1  "ith* 


TESTED 


TEST  LATERAL  PRESSURE  V~*rg* 


Dry  weight  soil  & eww-  'Kl  hud.l 
Net  losl  of  nr.oi store  — 

Weight  of  dish  only  - 

Net  weight  of  dry  soil  . _____ 

Moisture,  *s  of  dry  weight  . 

Wt.  solids  + moisture  W 

o 

W„  * 454  W* 

C O 

Weight  solids  W^ 

W,t  density  + v’0 

Dry  density  _____ 


--b-S,  f 


Net  diameter  C 

Areo(0.785  D^)  A 

Height  h 

Volume  (AoHa)  ♦ 1723  V 

Volume  (A  H ) « 16.4  V 

o o 

Specific  gravity  of  solids  C 
Volume  of  solids  W % * V 

(Vo-V$)aV, 

Initial  burette  reading 
Burette  reading  under  pressure 

<Vp  - Vs>  * V» 


Dj  <S»4‘S-  in. 


A 


EP.  sq.ir 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■—■■—■■■■■■ 
■■■■■■■■■■■■■■■■■■■  ■■■■■■■■■—■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■— 
■■■■■■■■■■■■■■■■—■■■■■■■■■■■■■■ 


■■■■■■■■■■■I 

B^BiBmhhhm 

I— —Ml— MM 
IB— ■— 


o o 

§ VI-40  § 


f^«»»w*.r-ur  \ <*  t /V'  v'#  ■ j *C  f*«* 


own  i tnvj  . Ay 


OM;vtr  L 


type  of  test:  -y. 


SATURATION  C.\TA 


11.  o 


n-o 


>o\o 


CONSOLI- 

L'vTION 

L\TA 


• rt 

OS  OtJ 

W M M H 

MS  C-  H 

flu  W fcl 

> c_i  r->. 


ORIGINAL  SAMPLE  HEIGHT  (h.) 4 . c. | M. 

initial  oial:  final  dial:  a-olz*  . change  in  height  Uh):..  o.q&o,  in. 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc).. .IN. 

PERCENTS  DEFLECT  ION. (e) a. In  j 

ORIGINAL  SAMPLE  VOLUME  (v.) i ..  . 4 &^>.a  CC  . 

INITIAL  BURETTE:  >*•>.■>  FINAL  BURETTE:  CHANGE  IN  VOLUME  (m/V...  CC . 

SAMPLE  VOLUME  AFTER  CONSOLIDATION  (v«) 43  &.T  CC  . 

ORIGINAL  SAMPLE  AREA  (a0) -4.4s®  IN  . 

AREA  CORRECTION: 

a»“A,(i-av/vl//i-e) 


SQ.  IN. 


DAM6S  © MSODC 


SATURATION  & CONSOLIDATION  PHASE 

vir41  triaxial  compression  test 


owns*  jC 


, LOCATION 


A LV^ V LIT  W SOWING  » 


SAMPLE  * 


TESTSO^>7 (.V.^rOFPICEl 

TEST  LATERAL  PRESSURE  \5>JO  PSP 


SATbRATEO  TEST  g!  Elg^O^MQISTUR E TES 

TYPE  OP  TEST  ^K/iskJ 

Weigh t soil  & g>S?i  no.  w* fc* • w 

Dry  weight  soil  & ^ _^l(lll5"- 

Net  loss  of  moisture  ^ ^ 4S-i 


Weight  of  dish  only  __^^_ 

Net  weight  of  dry  soil  _____ 

Moitt'jre,  *5  of  dry  weight 


Net  diameter 
Areo(0.785  c£) 

Height 

Volume  (AH)  ♦ 1728 

o o 


A'*oG>  sq.in. 
in. 


Volume  (AqH0)  * 16.4 


cw.ft. 

44J>  cc 


Specific  gravity  of  solids 


Wt.  solids  * moisture 


w0  533 


W * 454 
o 


Weight  solids 
Wet  density  WQ  + V0 
Dry  density 


gi  is. 

lbs. 

gms. 

^L_p<f  J£L- 

Ail_P«jf 


Volume  of  solids  Wj  ♦ Q% 


V.)+V, 


Initial  burette  reading 
Burette  reading  under  pressure 
(Vp  - Vs)  ♦ V, 


■■■■■■■■■■ 


o o 

o o 

o VI-42  ® 


vl  ■ * J # Ci" 


• i r;‘3,-v^  “,,T* i vw 


“ &■ 


o 


BOR  I NO ! SAMPLE  NO.:  OEPTH  (ft 


type  of  test:~~<Au 


hwvi; 


OR  l G J N A L SAMPLE  HEIGHT  (hq) «5.<bao  IN. 

INITIAL  0 IAL:  g-ag>e>  FINAL  0 1 AL!  . CHANGE  IN  HEIGHT  (a.hV.  ..  Q.q^L  IN. 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc)..... <s> . y-4- . | N . 

PERCENTS  OEFLECT  ION.  (e)  . . . . i 

ORIGINAL  SAMPLE  VOLUME  (v*) ”... . .. 44^-OCC. 

INITIAL  BURETTE:  )<4>a  FINAL  BURETTE:  CHANGE  IN  VOLUME  (m/Y.  . . CC . 

SAMPLE  VOLUME  AFTER  CONSOLIDATION  (vc)  — ^O-AcC. 


. . . 

SAMPLE  VOLUME  AFTER  CONSOLIDATION  (vc  ) .1^0.4  CC  . 

ORIGINAL  SAMPLE  AREA  (a„) . 4~  to  InV 

AREA  CORRECTION: 

a«.«a.(i-av/\4//i-e; 


SQ.  IN. 


9AMCS  O MOORE 
U»»»»  SClIfKM 


VI-43 


SATURATION  & CONSOLILYTION  PHASE 
TRIAXIAL  COMPRESSION  TEST 


il 


n»»n'-i'\s.N«-Q  C-O LOCATION  aSc_Cs»-WOTJ 

SOIL  TYPE.  lle-A-^xcr^  CftaJ*\C.W  iu*^  i2lpivw  pr--s5L_ 

£w'..U-C  (^>-A  r*\-Q  

SAMPLES  SET-UP  ^ /a3/6j  TESTEO S 

SATUPATEO  TEST  g 'Zj&QC*.  ^T^ffi1870"6  TSST  G TEST  LATE* 

TYPE  or  TEST  *"fcy£-L» 

Weight  sail  & decff”no.  ? jl Hill  P'T'I  Net  diomet 

Dry  weight  soil  & rfiefl*  _^-L‘  0 L^Li.  V >J  Area  (0.735 

Nef  loss  of  moisture  ^ ^ il.O  1 I U-;.ki 


■OPING  * 


BEPTH 


SAMPLE  * "2.  O 

7 ( S>r~  orncEi 


TEST  LATERAL  PPESSUPE  QgPO 


Dry  weight  soil  & riieff  

Nef  loss  of  moisture  _ 
Weight  of  dish  only 
Net  weight  of  dry  soil 
Moisture,  *5  of  dry  weight 

Wt.  solids  a moisture 
W„  * 454 
Weight  solids 
Wet  density 
Dry  density 


111  .01 


w ^SVz, 

O 


Net  diameter  C 

Area  ^3. 735  oj  A 

Height  h 

Volume  (A0H0)  ♦ 1728  V 

Volume  (A0H0)  » 16.4  \ 

Specific  gravity  of  solids  C 

Volume  of  solids  W#  + G$  \ 

(V0  - V,)  + v$ 

Initial  burette  reading 
Burette  reading  under  pressure 

(Vp  - V,)  * vf 


A0  »q.in. 

in. 

vl eu.ft. 


■Ml 

■H: 


MMMMH 

MHHHHHHHHH 


J VJ  , . w a I 

j 2 VI“44  ® <o 

(30N7H-IH  SOJ  OXXl  AJ  0S/  S91  N!  SS3«iS  ntt!X7 


ORIGINAL  SAMPLE  HEIGHT  (h0) IN. 

INITIAL  0lAL:3-s?O  FINAL  OIAL:  . CHANGE  IN  HEIGHT  UhV...  Q.  IN. 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc)  S.  *,!>*-,  .IN. 

PERCENTS  DEFLECT  ION. (e) . i 

ORIGINAL  SAMPLE  VOLUME  (v„) 4.A-S, . p cc  . 

INITIAL  BURETTE:  FINAL  BURETTE : 1^.1  . CHANGE  IN  VOLUME  Uv)  . . . CC  . 

f SAMPLE  VOLUME  AFTER  CONSOLIDATION  (vc  ) '. ~CC  . 

[ORIGINAL  SAMPLE  AREA  (a0) ; 4.4r>  IN7*. 

.'AREA  CORRECTION: 

} i * A*-A,(l-W//v0//l-E) 


sq.  in. 


IAMCS  O MOOne 

AFFWI0  tOINCU 


SATURATION  & CONSOLIDATION  PHASE 
VI-45  TRIAXLAL  COMPRESSION  TEST 


QW N e *"5.3.0  ^2-  dg 


" JOB  « ‘p£aS>t -OP'S-  Ci( 

LOCATION  _OcA0  C=r.^2g)Li.03.'!^ SOWING  » _2 

OE°TH  , ^-O 

f M.U  - ^ sample  * <4  A» 

SAMPLS3  fj.  ^ / I ■»-  / 4-)  SET-UP  ^4—  5 /Cl 

SATUPATED  TEST  2 -^yJ^ry.FI*'..g_V(ff|STU3.E  TEST 


SOIL  type  6vY^.I^_«L  VlfiaiJA  ^Ccwllr-^.  ^iU- 


TYPE  OP  TEST 


iu. 


-iiS. 


_1U 


ill 


Weight  soil  & 4>**  no- 
Dry  weight  soil  & <yi% 

Net  loss  of  moisture 
Weight  of  dish  only 
Net  weight  of  dr/  soil 
Moisture,  *•  of  dry  weight  ill 


TESTEO 

TEST  LATERAL  PRESSURE  _4v» 


OFFICE) 
PSF 


31U_ 


54. S 


/Ajl 


Wt.  solids  + moisture  W g.iii-  ^4-*T 


♦ ^54 

o 


Weight  solids 
Wet  density  + V0 
Dry  density 


Wo 

W. 


r 

grit  s . 

pi 


pjf 


■Lffc  .p[f  -JSfe. 


Net  diameter 
Areo((5.785  D*) 

Height 

Volume  (AoH0)  + 1728 
Volume  (A0H0)  * 16.4  V 

Specific  grsvity  of  solids  C 

Volume  of  solids  W4  + Gj  V 
(Vo  - V$)  * Vf 
Initial  burette  reading 
Burette  reading  under  pressure 

(V  - vs)  ♦ vf 


2A1 


A0  jbffGL.  sq. 
H0_JriO_in. 
V' 


eu.ft 

cc 


.ee 

.ec 


ORIGINAL  SAMPLE  HEIGHT  (h0) IN. 

INITIAL  0 IAL:  O-ttO  FINAL  DIAL!  . CHANGE  IN  HEIGHT  f&.H’i  fl-oST  IN. 

SAMPLE  HEIGHT  AFTER  CONSOLIDATION  (hc)...  .IN. 

PERCENTS  OEFLECT  ION.(e) < 

ORIGINAL  SAMPLE  VOLUME  (v.) 4^3-0  CC  . 

INITIAL  BURETTE:  Wq.  o FINAL  BURETTE  . CHANGE  IN  VOLUME  ( *>v)  ...  \%-l-  CC. 

SAMPLE  VOLUME  AFTER  CONSOLIDATION  (vc) 4^<-.CcC. 

ORIGINAL  SAMPLE  AREA  (a0) '. .-...  4.4>o  | N^~. 

AREA  CORRECTION:  ' 

Ac“A0(  l-W/Ai./  I-eJ 


_SQ . IN. 


PAMCS  O MOOC1C 

UiT*  ICCFCKt 


SATURATION  & CONSOLI CATION  PHASE 
VI-47  TRIAXIAL  COMPRESSION  TEST  f 


LOCATION 

son.  ty»-  CjLAyg^  , «S.*.AJaLf  ^Lrt;  , >~ff^t./L 

J&SA&W.  r^_-  till.) 

SAMPLED  y n n_  , 4q  SET-UP / / 


:V  . 


TESTED 


_5^_S/'ii  ,tq 


B0PIN5  * \ _____ 

CS“Trt  L.O 

SAMPLE  - _IA 

i,”ii  , Cr\  i ^r-pppicE. 


SATVtSATSD  TESt 


TYPE  CF 


TESr'l^/jJi.* 


FIELD  MOISTUPE  TEST 


TEST  LATS»Al  PPESS'JPS  J.-Pi?®. 

>>£.  -.  3.  UV/u.j. 


Weigh?  *oi!  4 diet1.  no. 

Dry  weigh?  soil  4 dish 
Net  loss  of  moisture 
Weigh?  of  dish  only 
Nef  weigh?  of  dry  sail 
Moisture,  1 of  dry  weigh? 


Si. 8 


Ne?  diameter 
Areo(o.785  D*) 
Height 


D’^in. 
A0_j_^»0.  tq.i 


Volume  (AqH0)  ♦ 1723 


J.0.2. 


Volume  {AflH0)  « 16.4 


Specific  gravity  of  solids. 


Wt.  solids  A moisture 


W S>o4- 

O ■ 


Volume  of  solids  Wf  + G#  . 


W„  + 454 

O 


Weight  solids 
Wet  density  W#  +•  V^ 
Dry  density 


Va.  (a pcf 

pcf 


(V#-V,)  + Vs 
Initiol  burette  reading 
Burette  reading  under  pressure 

‘ <VV,)eV, 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

IwmMmmm— ■■— immi 


| VI-49  § 


(3Evr4-:v  ai:  r;  v'  j.j  :5/"ssh 


3 ■53:  IS 


JOS  NO 


SORING  NO 


L-Fill. 


SOIL  TYPE 


Di  sh  No. 

Wat  weight  soil  & dish 
Dry  weight  soil  4.  dish 
Net  loss  of  moisture 
. Weight  of  dish  only 

I 

Net  weigh*  of  dry  soil 
Moisture,  *«  of  dry  weight 

I Wt.  solids  * moisture 

! *o  ^ **54 

! 

! Weight  solids 
Wet  density  W*  - V* 

O 0 

C-v  density 


• 

UJ 

_J 

UJ 

3 

CL 

3 

-J 

< 

o 

%n 

> 

JL1 L-i 

22,0 


W0  S.y-G.O  gms. 


gms. 

JLZLZp:* 

_Lii_pcf 


Net  diameter 


Volume  (A0Ho)  * 1723 


Volume  (A0H0)  16.4 

Specific  gravity  of  solids  I 
Volume  of  solids  \V$  - 

1 I - vs>  - v, 

■*  Initiol  burette  reading 

3urette  reeding  under  pressure 

VI-50  (V  -V>V  « 

p s s 


J03  NO. 

3" 


c03iNG  NO . 


3 


DEPTH 
A/?  ct  j/ 
,f»  X*  4*1/ 


SOIL  TYPE 


< uj  </> 

Q wO 
“ w UJ 

5 < ^ 

U >-  3 

si< 

° = a! 
uj  < — 

Q ifl  h. 

S«3 

ss^ 

1§* 

X U-  U 


= o u 


/'/* 


Els: 


AXIAL  STRESS 
IN  LBS  SO  FT 


.5  1.0  1.5 

AXIAL  DEFLECTION  IN  INCHES 


lA*  / ‘ 


TESTED 


’ey 


OFFICE 

4-^cro 


CONFINING 

PRESSURE 


1 FIELD 
s MOISTURE 


|”i  SATURATED 
LI  TEST 


~r/2/A>  iu-y 

TYPE  OF  TEST 


Dish  No. 

Wet  weight  soil  & dish 
Dry  weight  soil  & dish 
Nor  loss  of  moisruro 
Weight  of  dish  only 
Nor  weight  of  dry  soil 
Moisruro,  U of  dry  weight 


1 Wt.  solids  - moisture 

> 

> t 

| WQ  r 454 

i 

- 15 

Q z 

| Weight  solids 

o 

! Wet  density  W*  - V‘ 

C'y  density 

i sa.g 
.1  SVsS 
_ 

Z4.& 
III  ■ 7 
/V7 


UJ 

UJ 

s 

Ql 

3 

J 

< 

o 

«/} 

> 

Not  diameter  D 

Areo  (0.785  D|)  A 

Height  H 

Volumo  (A0H0)  + 1728  V 


j Volume  (A0H0)  ' 16.4 
Specific  gravity  of  solids  I 
Volumo  of  solids  W - G. 

§ | (V,  - V.)  - V, 

“ Initial  burette  reading 

Burette  reading  under  pressure 

VI-51  | (V„  - V)  - V, 


A __  sq.ir.. 

H0  -^i  ^ 7 in. 


J03  NO. 

3 

3 


SOWING  NO. 


Dish  No. 

Wet  weight  soil  & dish 
Dry  weight  soil  & dish 
Net  loss  of  moisture 
Weight  of  dish  only 
Net  weight  of  dry  soil 
Moisture,  *»  of  dry  weight 

Wt.  sol  ids  - moi  sture 


V.  ' W _ j s • 

£ ! "o  ' **4 

2 ' Weight  solids 

C Wet  densifv  w'  - V* 

O 0 

■ Orv  dsnsity 


ftbA 

j<.>- 

/.Zi>_£ 

Zo.l 


wq  AZfiwJL  sm»- 


gms. 

..LiSLirpet 
;J.Pf  otf 


VI- 5 2 


Net  diameter  i 

Arec  (0.735  D|)  A 

Height  ^ -£-*6.0  , 

Volume  (AaHa)  ♦ 1723  V;  


Volume  {A0H0}  '■  ld.-i  Vft  . 

Specific  gravity  of  solids  G(  

Vo  I urn  e of  solids  Wp  - 0%  V^  _____ 

’(Vo  * V.)  ♦ V,  ej  

i 

| Initial  burette  reeding  - 

I 3urette  reeding  under  pressure  _____ 

i(Vp-V,)-V,  


NOTES 


l ? 


i £ 


r* 

•>% 

wn 


> . 
c = 


Dish  No. 

Wot  weight  soil  & dish 
Dry  weight  soil  & dish 
Net  loss  of  moisture 
Weight  of  dish  only 
Net  weight  of  dry  soil 
Moisture,  *e  of  dry  weight 


JSL 


JLiC.l 
Z4  A 


1 1 g .£ 


! 


Wt.  solids  - moisture 

"o  ■ 

i Weight  solids 
Wet  d er.s  i fy  W'  - V ' 

I 0 o 

1 Drv  density 


w0  sns. 


W. 


lbs. 


. gns. 


li.$‘  4*  pet 

JL2£-«ef 


UJ 

J 

UJ 

Q. 

3 

3 

< 

O 

<✓> 

> 

|i 

> s 


Net  diometer 

Arec  (0.735  0|) 
Height 

Volume  (A0H8)  * 1723 


A 

Ho 


• sq.in. 

in. 

..  - cu.ft. 


Volume  {A3H0)  < 16.  ~ V 

Specific  gravity  of  solids  G 

Volume  of  solids  W#*G,  V 

(V,  - Vf)  - vf  »i 

Initial  burette  reading 
Surette  reeding  under  pressure 


I VI-53  (vp-v,)‘vs 


. cc 


- cc 


. cc 
. cc 


I *003  mO  i 


OWNS* . 


$011.  typs"B»£ou3i1^J2&5». 

S^T  f \.vl-  F>'g.) 

sampled  2$&-3 /”•/&! 

SATURATED  TEST  Q 


Qo—  LOCATION  _^ro  o £>.  Cas^Saf.  ,90»INC  » *S 

v^EA4-OlO  CJLa.V>»SL^  5-.A/Q-^^y DEPTH  \3).^>' 

- sample  » 


SET -UP. 


TYPE  OP  TEST 


Weight  soil  L i>"Vr!a. 

Dry  weight  soil  & d*eh 
Not  Ion  of  moisture 
Weight  of  dish  only 
Not  woight  of  dry  soil 
Moisture,  *i  of  dry  woight 

Wt.  solids  + moisture 
W„  + 454 
Weight  solids 
Wot  density  W^  + 

Dry  density 


PIELO  MOISTUPE  TEST  25 


tested t ^r- 

TEST  LATERAL  PPESSUPE  l^OQ 


OPFICEI 


m.s 

"iri 


vk-4 


Not  diameter  C 

Area  (0. 735  D^)  A 

Height  K 

Volume  (A0H0)  ♦ 1728  V 

Volume  (A0H0)  » 16.4  V 

Specific  gravity  of  solids  G 

Volume  of  solids  V/#  + G#  V 

(v#  - V.)  * V,  , 

Initial  burette  reading 
Burette  reading  under  pressure 

(v  p - V.)  ♦ V,  • 


D0  ^ in. 

A0  sq.il 


S.T  O 


[■■■■■■■■■■■■■■■■■a—™ 

IimhmwiwiihhBii 


3 O eTT  c e O O I 

d 2 VI-54  ® ® 

OONVV-IH  bOd  OtXiiJOS/  S31  Nl  SSSbiS  171X7 


OWNER 


LOCATION  BORING  9 


SOIL  type  ^.g>  ~^r  <?.  y^uv.^A  gLi-AV^N/  ^t'-rr  oe»TH 


14, 


Wit4  ^TL’>c-t-  ^ TvlAt^ov.OTl  finL-fiu.')  SAMPLE  » ~T/^ 


SAMPLED  Vft^g/l3k/fr| 
SATURATED  TEST  Q 


SET-UP 


TYPE  OF  TEST 


:isZ 


TESTEO.  */  a-‘  /4-X  ( ‘SP-O  FFICEI 

FIELD  MOISTURE  TEST  gj  TEST  LATERAL  PRESSURE  *^0*0 PSF 


LILt 


332=- 


W eight  soil  & dUh  no. 
Dry  weight  soil  & disii 
Net  loss  of  moisture 
Weight  of  dish  only 
Net  weight  of  dry  soil 
Moisture,  *S  of  dry  weight 


•ypvs 


VrOS> 

331 


Wt.  solids  + moisture 

wn  "bv’a 

O 

.gms. 

W *454 
o 

w; 

.lbs. 

Weight  solids 

w*  » 

-gms. 

Wet  density  W^  + V8 

Wn 

-pcf 

Dry  density 

-pcf 

>f>C.  **0.\3^*/iu>»3. 


4u«  L 


Net  diameter 


Area  ^1.785  D*) 

Height 

Volume  (A0H0)  + 1728 


Volume  (A0H8)  « 16.4 


Specific  gravity  of  solids 
Volume  of  sol  ids  + Gt 

(V.-V,)*v, 

Initial  burette  reading 
Burette  reading  under  pressure 


•3-4?- 


4-^0 


m. 

»q.J 

• fie 

cu.( 

cc 


-CC 

.cc 


(Vp-v.)  + v, 
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*3'A 


< ^ 

< OJ  o 

Q t/J 

O » £ 

2 -j  “ 

Q < ^ 

2 u -J 

£l< 

° = sc 

IU  < - 

Own 
o - d 
s k § 

IU  g * 

0 g CO 
5 O X 

1 OS 

S2  u.  u 


- 3000 

sS* 

V) 

Hi 

c* 


EsEsEE 


/ ^ /«* 


TESTED 

c// 


OFFICE 

3<«o 
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■»»  V ' — •>  ^ 

DATS  SAMPLS3  Z~-  

TEST  STARTga  BY  ' TEST  FINISHED 

soil  type  c,  ■ ■ . ~ - h-SjC  v •_ ' 

CONSOLIOOMSTER  NO INITIAL  SA >t 


MOISTURE  4 OENSITY  OAT* 


WT.  OP  RINC(S)»  SOIL 
WT.  OP  RINC(S)  ONLY 
WT.  OP  SOIL  (NET) 

WET  OENSITY  IN  LSS/CU.  FT.* 


WT.  OP  WET  SOIL  . OISH  NO 
INT.  OF  ORY  SOIL  - OISH 
WT.  OF  LOST  MOISTURE 
WT.  OF  OISH  ONLY 
WT.  OP  ORY  SOIL 


WORK  SHEET  - SPECIFIC  GRAVITY  TESTS  ' 


Job  No  .vS'1 

Hole  No.  ( 

e ^ 

r SPECIFIC  GRAVITY  OF  SOLIDS  (Gs) 


Sample  HO. 


rtask  No. 


Temperature  of  Water  and  Soil,  T,  *C  i 


Pan  No. 


Pan  ♦ Dry  Soil 


Pan 


W-K, 


VAM 


§ Ory  Soil ■ • 

HfUsIc  + Water  at  T.  • 


lWS  + «bw 

• 

£ Flask  * Water  ♦ Immersed  Soil 

Displaced  Water,  Ws  + Wbw  - Wt,wS 


orrection  Factor 


- .Whw's)  I Gs  I *,.1i 


.APPARENT  (Ga)  AND  BULK  (Gm)  SPECIFIC- GRAVITY 


Sample  No. 


Temperature  of  Water  and  Soil.  T.  * 


Pan  + Saturated  Surface  - 
Tare  Weight 

Saturated  Surface  - Dry  Soil!  8 
Cl (Wire  Basket  + Soil 

5> 


Saturated  Soil  in  Water 


Tare  Weight 


Dry  Soil 


Correction  Factor 


(AK)  i (A-C)  (Apparent) 


(AK)  f (8-C)  (Bulk) 


Remarks: 


. jWu-  'SvC 


[Tested  by; 


Computed  by: 


VI-60 


U 


15 


16 


17 


18 


19 


20 


21 


22 


23 


2* 


25 


26 


27 


28 


29 


30 


31 


[Checked  by: 


1.C010 


1 .0009 


1 .0007. 


1.0006 


1.0004 


1 .0002 


1.0000 


.9998 


a.  9996 


0.9993 


0.9991 


0,9938 


0.9S33 


0.9930 


0.9977 


0.9974 


0.9971 


» • ««  • WO  « A <*•  iwte  I 


rAoe  Ur 


CaTS  SAMPLED 
TEST  STA3TED  -T"  ' 
SO!U  TYPE  *■  •'  '■  • ; 

CONSOL lOOMETcR  NO.. 


BY  T TEST  FINISHEO. 

r ■ ■ .«*•_<'  (. 

/v : i, 


.JOB  N0._j1. 
. BORING  NO. 


• ' .?"*  ■ . . 


O **  f 


INITIAL  SAMPLE  HEIGHT 


BEFORE 

test 


TEST  INSTRUCTIONS 


Sample  Ho. 


Flask  Ho. 


Temperature  of  Water  and  Soil,  T,  *C 


Pan  Ho. 


Pan  ♦ Dry  Soil ' 

Pan 

0 — ' ■■■  i.  — — 

1 Dry  Soil 
o» 


WORK  SHEET  - SPECIFIC  GRAVITY  TESTS 


SPECIFIC  GRAVITY  OF  SOLIDS  (Gs) 


Ws  + Wt,w  • 


Flask  ♦ Water  ♦ Immersed  Soil  Wbws 


Displaced  Water,  Ws  ♦ Wfow  - WbwS 


orrection  Factor 


6s 


■ APPARENT  (Ga)  AND  BULK  (Gr,)  SPECIFIC  GRAVITY 


Sample  No. 


Temperature  of  Water  and 


Pan  + Saturated  Surface  - 
Tare  Weight 

^ Saturated  Surface  - Dry  Soil 
_ ; 

2 (Wire  Basket  ♦ Soil)  in  Water 

y>r"'  . ■ " 1 

e|W1re  Basket  in  Water • 


Saturated  Soil  in  Water 


Tare  Weight  * D 


Tare  Weight 


Ory  Soil 


Correction  Factor  * 


(AK)  * (A-C)  (Apparent) 


(AK)  ? (8-C)  (Bulk) 


jRemarks:  • . • ; • .... 


0.9977 


0.9974 


0.9971 


ATTACHMENT  0 
CONSOLIDATION  TESTS 
HORIZONTAL  PERMEABILITIES 


VI-64 


DATE  SAMPLSO 
TEST  STARTED. 
SOiL  TYPE  <•  / 


CONSOLIOOMETER  NO.. 


j g"  r 

’’  BY.  Pni  TEST  FINISHED. 

at-  </  r. 


JOB  NO. 


St  n-rs 


. BORING  NO. 
.DEPTH 


*TP  1 


INITIAL  SAMPLE  HEIGHT. 


MOISTURE  A OENSITY  CAT  A 


WT.  OP  RlNCtS).  SOIL 
WT.  OP  RINC(S)  ONLY 
WT.  OP  SOIL  (NET) 

WET  OENSITY  IN  LBS/CU.  PT.* 


WT.  OP  WET  SOIL  . DISH  NOV 


*'•  WORKSHEET  -SPECIFIC  GRAVITY  TESTS  ' ‘ • • 

• • . 


Project^A^-a.  Cp.  Job  N Hole  Ho.^p-I  Ca 


r •.  V * ■ SPECIFIC  GRAVITY  .OF  S0LI3S  (Cs)  • 


Flask  No. 


Temperature  of  Water  and  Soil,  T,  *C 


Pan  No. 


Pan  ♦ Dry  Soil ' 

^ Pan ' ' 

1 Pry  Soil • . ■ 

flask  » Water  at  T.  *C 

- u*+  Wbw 

• _ 

> flask  + Water  + Immersed  Soil  W^  ! 

Oisp laced  Water,  W's  + Wbw  - Wt,ws 


orrection  Factor 


Gs 


APPARENT  (6a)  ANO  BULK  (Gm)  SPECIFIC  GRAVITY 


Sample  No. 


Temperature  of  Water  and 


Pan  + Saturated  Surface  - 


Tare  Weight 


[XQ.gCa 


v,  Saturated  Surface  - 
£ (Wire  Basket  + Soil)  in  Water 

g»r  ■ ■ ■■■  ■ * 

c Hire  Basket  in  Water 
Saturated  Soil  in  Water 

Ai  - 1 ■'  — '■  — - ■■  ■ " 1 

* Tare  Weight  ♦ Dry  Soil 

Tare  Weight .. ' 

. Pry  Soil 


Correction  Factor 


(AK)  - (A-C)  (Apparent) 


(AK)  i (B-C)  (Bulk) 


Remarks:  .••  • 

•*  • • • • • 

• ? * *' 


14 

1.C010 

15 

1 .0009 

16- 

1 .0007 

17 

1 .0006 

18 

1 .0004 

19 

1 .0002. 

20 

1.0000 

21 

0.9998 

22 

CT.9996 

23 

1 0.9993 

24 

0.9991 

25 

0,9938 

26 

0.9986 

27 

0.9933 

28 

0.9930 

29 

0.9977 

30 

0.9974 

31 

0.9971 

rested  by; 


IComputed  by: 
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IChecked  by:  ^ 
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...  Or 


CATE SAMPLED 

TEST  STARTED  »■  ' 

SOIL  TYPE  • 

CONSOLIOOMETER  NO._ 


. JOB  NO._; 

, BORING  NO.. 


' ' BY  ~ • TEST  FINISHED BT DEPTH. 


INITIAL.  SAMPLE  HEIGHT. 


MOISTURE  & DENSITY  DATA 

»T.  OF  RINC<S).  SOIL 


WT.  OF  RIN«S>  ONLY 


BEFORE 

TEST 


a ' 


TEST  IMSTRLJCTIONS 
LOAD  CYCLE  


Project^o^t-TL  C0  , Job  No  $6*1  ••*'5  Hole  Mo .*7^3,  Cate  s(i.\.l&r 


WORK  SHEET  - SPECIFIC  GRAVITY  TESTS  ' • 


SPECIFIC  GRAVITY  OF  SOUQS  (Gs) 


Sample  Mo. 

l 

. 

. 

' 

Flask  Mo.  • 

V>.  * 

. 

Temperature  of  Water  and  Soil,  T,  *C 

it.  5 

. 

. 

Pan  Mo. 

P 

• 

Wt.  In  grams 

Pan  ♦ Ory  Soil 

! 

Pan 

%4o.->o 

■ 

. 

Cry  Soil 

V, 

‘liAi 
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• 

t 

Flask  ♦ Water  at  T.  *C 

Wbw 

■ »£> 

• 

WS  ♦ Wbw 

in. si 

• 

. 

• 

• 

Flask  ♦ Water  + Immersed  Soil  W^ws 

lor.Oo 

• • 

.. 

‘ . . 

Oisplaced  Water,  Ws  ♦ Wfcw  - W^s 

t&.%\ 

0 

' 

Correction  Factor  •• 

’ K 

.At 

(WS<)  ? (Ws  ♦Wbw  - Wbws) 

Gs 

4'V> 

. APPARENT  (Ga)  ANO’buU  (G a)  SPECIFIC  Gf 

IAVITY 

Temp. 

Corr.  Factor 

Sample  Mo. 

• 

' *C 

K 

Temperature  of  Water  and  Soil.  T.  *C 

a 

. 

14 

1.C010 

VI 

§ 

u 

Pan  + Saturated  Surface  - Orv  Soil 

. 

15 

1 .0009 

T are  Weight 

16- 

1 .0007 

Saturated  Surface  - Cry  Soil  B 

• 

17 

1.0006 

(Wire  8asket  + Soil)  in  Water 

- 

18  1.0004 

••c 

• 

SJ 

Wire  Basket  in  Water 

19 

1 .0002  ' ! 

Saturated  Soil  in  Water  C 

• 

20 

1 .0000 

iTare  Weight  ♦ Ory  Soil 

21 

0.9998 

ITare  Weight 

• 

22 

0TT9996 

Ory  Soil 

A 

23 

0.9993 

ICorrection  Factor  - 

K 

. • 

24 

0.9991 

<AK)  - (A-C)  (Apparent) 

6i 

■ • 

25 

0,9988 

f(AK)  } (S-C)  (Bulk) 

Gm 

• 

. 

26 

0.9986 

Remarks:  . ....  . \ 

U.U  - ■'•••  V ' •’ 

f . • 

. 71-70  ' : 

27 

0.9933 

28 

0.9950 

29 

0.9977 

30 

0.9974 

31 

0.5971 
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MOISTURE  CONTENT  (X  DRY  WT. 


F-l 


COMPACTION  TEST  DATA 
AASHO  T 180-57 

TEST  PIT  1 <3  A DEPTH  OF  8.0  FEET 
IN-SITU  MOISTURE  CONTENT  - 24.1% 


DRY  DENSITY 

MOISTURE  CONTENT 

LBS./CU.  FT. 

PERCENT 

104.2 

7,2 

111.8 

11.4 

113.1 

13.0 

113.6 

14.4 

113.4 

15.0 

111.2 

17.3 

98.7 

24.1 

93.8 

26.9 

TEST  PIT  2 <S>  A DEPTH  OF  6.0  FEET 

IN-SITU  MOISTURE  CONTENT  = 16.3% 

DRY  DENSITY 

MOISTURE  CONTENT 

LBS./CU.  FT. 

PERCENT 

107.6 

6.0 

111.0 

8.4 

113.7 

11.4 

114.1 

13.1 

113.0 

15.5 

106.9 

19.9 

VI- 7 6 
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ATTERBERG  LIMITS 


LOCATION 

DEPTH 

FEET 

LIQUID  LIMIT 
PERCENT 

PLASTIC  LIMIT 
PERCENT 

PLASTICITY 

INDEX 

Boring  1 

1.5 

47 

41 

6 

Boring  2 

4.5 

42 

34 

8 

Boring  2 

7.0  • 

44 

36 

8 

Boring  3 

6.5 

41 

38 

3 

Boring  3 

13.5 

37 

32 

5 

Boring  3 

18.5 

42 

34 

8 

Test  Pit  1 

8.0 

43 

35 

8 

Test  Pit  2 

6.0 

36 

35 

l 

Borrow  Area 

34 

32 

2 

PERCENT  PERCENT 


UtS,  STANDARD 

SIEVE  OPENING 

FINER 

FINER 

SIEVE  SIZE 

MM 

BY  WEIGHT 

BY  WEIGHT 

No.  10 

2.00 

100.0 

100.0 

No.  16 

1.19 

96.4 

96.9 

No.  20 

0.841 

94.6 

95.1 

No.  40 

0.420 

89.5 

89.6 

No.  50 

0.297 

86.8 

86.1 

No.  60 

0.250 

85.7 

84.9 

No.  100 

0.149 

81.0 

80.2 

No.  140 

0.105 

77.1 

77.1 

No.  200 

0.074 

73.6 

74.4 

No.  325 

0.044 

67.2 

70.4 

0.020 

34.9 

30.7 

0.005 

9.1 

5.1 

— 

0.001 

0.1 

1.2 

W1 
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GRAIN  SIZE  ANALYSES 


LOCATION 

4 

Test  Pit  1 

Test  Pit  2 

Borrow  Area 

DEPTH  - FEET 

8.0 

0 

6.0 

— 

U.S.  STANDARD 
SIEVE  SIZE 

SIEVE  OPENING 

MM 

PERCENT 

FINER 

BY  WEIGHT 

PERCENT 

FINER 

BY  WE IGHT 

PERCENT 

FINER 

BY  WEIGHT 

No.  10 

2.00 

100.0 

100.0 

100.0 

No.  16. 

1.19 

97.2 

96.3 

97.2 

No.  20 

0.841 

95.0 

92.4 

93.8 

No.  40 

0.420 

90.0 

82.7 

81.5 

No..  50 

P ( 

0.297 

87.1 

78.1 

75.2 

No.  60 

0.250 

85.7 

76.1 

72.7 

No.  100 

0.149 

79.8 

69.9 

65.3 

No.  140 

0.105 

75.0 

67.6 

61.1 

No.  200 

0.074 

71.2 

64.3 

58.7 

No.  325 

0.044 

65.9 

57.1 

50.7 

0.020 

38.2 

24.6 

18.2 

0.005 

11.3 

2.3 

1.1 

— — - 

0.001 

0.2 

0.1 

0.0 
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4 REPORT  - SOILS  ENGINEERING  SERVICES 

PROPOSED  DAM  - LAKE  OF  THE  WOODS  RESERVOIR 
ORANGE  COUNTY,  VIRGINIA 

FOR 

BAUER  ENGINEERING,  INC. 
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309  WEST  JACKSON  BOULEVARD  • CHICAGO.  I LLtNO'S  60606  • 312  - 922  - 1*72 
PARTNERS:  JAMES  8.  THOMPSON  • GEORGE  ©.  LEAL 

ASSOCIATE:  WILLIAM  G PARATORG 

January  31,  *967 


Bauer  Engineering,  Inc. 

20  North  Wacker  Drive 
Chicago,  Illinois  60606 

Attention:  Hr.  William  J.  Bauer 


Gentlemen: 

* Report  - Soils  Engineering  Services 

Proposed  Dam  - Lake  of  the  Woods  Reservoir 
Orange  County,  Virginia 

For  Bauer  Engineering,  Inc. 


This  letter  presents  the  results  of  our  Soils  Engineering  Services 
performed  in  connection  with  ^he  Proposed  Dam  - Lake  of  the  Woods  Reservoir 
to  be  constructed  in  Orange  County,  Virginia. 

The  scope  of  our  Soils  Engineering  Services  was  planned  in  col- 
laboration with  Messrs.  William  J.  Bauer  and  Robert  L.  Hall  of  Bauer 
Engineering,  Inc.  Soil  strength  parameters  of  proposed  fill  soils  were 
provided  to  Bauer  Engineering,  Inc.  on  January  II,  1967.  The  results  of 
our  stability  analyses  were  provided  on  January  12,  1967.  An  estimated 
coefficient  of  permeability  equal  to  0.2  feet  per  year  for  Material  XT 
compacted  to  SO  percent  of  the  maximum  dry  density  as  determined  in  accor- 

t 

dance  with  the  AASHO  T 180-97  Method  of  Compaction,  was  provided  on 
January  23,  1967. 
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The  scope  of  our  soils  engineering  services  was  as  follows: 

i 

1 - The  performance  of  laboratory  tests  to  determine  the  strength 

characteristics  of  the  remoulded  compacted  fill  soils  to  be 
used  to  construct  the  Proposed  Oam,  The  compacted  fill  soils 
were  evaluated  at  the  following  density  criteria:  (a)  90  j 

percent  of  the  maximum  dry  density  as  determined  in  accordance 

| 

with  AASHO  T 180-57  Method  of  Compaction,  (b)  95  percent 
of  the  maximum  dry  density  as  determined  in  accordance  with 
the  ASTM  D 698  Method  of  Compaction,  and  (c)  90  percent  of 
the  maximum  dry  density  as  determined  in  accordance  with  ASTM 
^ D 698  Method  of  Compaction.  The  laboratory  strength  tests 
consisted  of  triaxial  tests  and  direct  shear  tests. 

2 - Engineering  analyses  to  evaluate  the  stability  of  two  pro- 

posed dam  embankments.  One  dam  embankment  is  to  consist 
entirely  of  soil  compacted  to  90  percent  of  the  maximum  dry 
density  as  determined  in  accordance  with  the  AASHO  T 180-57 
Method  of  Compaction.  The  other  embankment,  as  proposed  by 
the  Contractor,  is  to  consist  of  a core  approximately  50  feet 

* i 

1 

wide,  located  near  the  center  of  the  dam,  compacted  to  95 

percent  of  the  maximum  dry  density  as  determined  in  accordance  • 

J 

with  ASTM  0 698  Method  of  Compaction.  The  soil  to  be  placed  | 

1 

I 

on  each  side  of  the  core  will  be  compacted  to  90  percent  of 
the  maximum  dry  density  as  determined  in  accordance  with  ASTM 
D 698  Method  of  Compaction.  Both  proposed  embankments  will 
have  an  upstream  slope  of  one  vertical  to  four  horizontal  and 
a downstream  slope  of  one  vertical  to  three  horizontal. 
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3 - Additional  engineering  analyses,  if  required,  for  the  proposed 


embankment  consisting  entirely  of  soil  compacted  to  90 


percent  of  the  maximum  dry  density  as  determined  in  accor- 


dance with  AASHO  T 1 80-57  Method  of  Compaction  will  be 


performed  to  determine  the  optimum  design  cross  section  with 


respect  to  slope  stability  and  economy  of  known  materials. 


INTRODUCTION: 


Representative  bulk  samples  of  the  proposed  borrow  materials  were 


obtained  by  our  field  engineer  on  December  20,  1966  from  test  pits  excavated 


in  the  Proposed  Borrow  Pit.  Test  pit  locations  were  established  by 

t 


Bauer  Engineering,  Inc. 


The  soil  profile  in  the  Proposed  Borrow  Pit  area  is  similar  to 


the  soil  profiles  presented  in  our  "Report  of  Soil  Exploration,  Proposed 


Dam  - Lake  of  the  Woods  Reservoir,  Orange  County,  Virginia  for  Bauer  Engin- 
eering, Inc."  dated  October  2If,  1966.  The  soils  are  residual  in  origin 


an.d  were  derived  from  the  weathering  of  gneisses,  schists,  and  ether  meta- 


morphic  rocks.  The  Proposed  Borrow  Pit  is  blanketed  by  topsoil  and  the 


topsoil  is  underlain  by  reddish  brown  silty  clays,  clayey  silts,  and  silts 


with  sand  and  clay  which  in  turn  are  underlain  by  brown  and  gray  sandy 


silts  and  sandy  clays. 


From  visual  inspection  of  the  test  pits  and  inspection  of  bulk 


samples  in  the  laboratory,  it  was  determined  that  the  soils  in  the  Proposed 


Borrow  Pit  consist  essentially  of  three  soil  types.  The  three  soil  types 


and  the  coordinates  of  the  respective  test  pits  and  depths  at  which  bulk 


samples  of  the  three  soil  types  were  obtained  are  as  follows: 
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SOIL  TYPE 

COORDINATE  OF 

GROUND  SURFACE 
ELEVATION  AT  TEST 

DEPTH  OF  BULK 

TEST  PITS 

PIT  (FEET)” 

SAMPLE  (FEET)  ' 

MATERIAL  I 

Reddish  Brown 

K + 60 

292 

i 

6 

1 

Clayey  Silt 

13  + 20 

! ) 

MATERIAL  U 

Reddish  Brown 

K + 60 

292 

11.5 

Silt  with  Sand 

13  + 20 

I 

i 

and  Clay 

i 

I 

MATERIAL  HI 

Brown  Sandy  Clay  L + 30 

307 

1 

8 i 

15  + 80 


LABORATORY  TESTS:  j 

Two  compaction  tests  were  performed  on  each  of  the  three  soU 
types.  One  compaction  test  was  performed  in  accordance  with  the  AASHO 
T 180-57  Method  of  Compaction,  and  the  second  compaction  test  was  performed 

! 

in  accordance  with  the  ASTM  D 698  Method  of  Compaction.  j 

; 

Remoulded  samples  of  each  soil  type,  compacted  to  90  percent  of 
the  maximum  dry  density  as  determined  in  accordance  with  the  AASHO  T 180-57 
Method  of  Compaction  and  to  9!|  percent  and  90  percent  of  the  maximum  dry 

density  as  determined  in  accordance  with  the  ASTM  D 698  Method  of  Compac- 

• i 

tion,  were  then  subjected  to  strength  tests.  The  strength  tests  consisted 

of  direct  shear  tests  and  undrained  triaxial  tests.  The  strength  tests 

i 

were  performed  on  remoulded  samples  having  a moisture  content  approximately 
equal  to  the  anticipated  fill  moisture  content  at  the  time  of  placement 

i 

1 

and  compaction  of  the  fill  and  on  saturated  or  near-saturated  remoulded 

i 

samples. 

The  Atterberg  limits  were  determined  for  Materials  1 and  H. 

Specific  gravity  determinations  were  performed  on  all  three  soil  types  and  ' 

a grain  size  analysis  was  performed  on  Material  U. 

» 
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Laboratory  test  results  are  presented  on  Plates  I and  2. 


STABILITY  ANALYSES: 


Stability  analyses  were  performed  on  the  two  proposed  dam  embank- 
ments. For  each  of  the  proposed  dam  embankments  the  stabilities  of  both 
upstream  and  downstream  slopes  were  evaluated.  The  strength  parameters  used 
in  the  stability  analyses  were  those  of  Material  D.  It  is  considered  that 
the  Proposed  Dam  will  consist  primarily  of  Material  I and  Material  U. 
Material  £[  has  the  lowest  strength  parameters  of  the  three  predominant  soil 
types  encountered  in  the  Proposed  Borrow  Pit.  It  was  judged  advisable  by 

Dames  & Moore  and  Bauer  Engineering,  Inc.  to  use  the  lower  of  the  strength 

t 

parameters  In  the  stability  analyses.  The  phreatic  line  in  both  of  the 
proposed  dam  embankments  was  assumed,  for  purposes  of  stability  analyses, 
to  be  a straight  line  from  the  water  level  on  the  upstream  slope  to  the 
filter  drain.  This  assumption  is  based  on  a filter  drain  that  is  perform- 
ing adequately.  The  soil  on  doth  the  upstream  and  downstream  slopes  was 
assumed  to  be  saturated.  The  proposed  dam  site  is  in  a seismically  active 
area  and  an  earthquake  loading  equal  to  five  percent  of  the  acceleration 
due  to  gravity  was  utilized  in  the  stability  analyses. 

The  results  of  the  stability  analyses  on  the  proposed  homogeneous 
dam  embankment  consisting  entirely  of  soil  compacted  to  90  percent  of  the 
maximum  dry  density  as  determined  in  accordance  with  the  AASHO  T 180-57 
Method  of  Compaction  are  shown  on  Plate  3.  The  parameters  of  the  founda- 
tion soil  immediately  underlying  the  dam  embankment  were  assumed. 

The  results  of  the  stability  analyses  on  the  proposed  alternate 


dam  embankment,  as  proposed  by  the  Contractor,  are  shown  on  Plate  4. 
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This  embankment  contains  a core  approximately  50  feet  wide  compacted  to 
95  percent  of  the  maximum  dry  density  as  determined  in  accordance  with  the 
ASTM  0 698  Method  of  Compaction  to  90  percent  of  the  maximum  dry  density 
as  determined  in  accordance  with  the  ASTM  0 698  Method  of  Compaction. 
Material  II  when  compacted  to  90  percent  of  the  ASTM  0 698  maximum  dry 
density  has  a cohesion  equal  to  zero  and  an  angle  of  internal  friction  which 
is  less  than  the  slope  angles  of  the  embankment.  Thus  the  side  slopes  of 
the  embankment,  as  proposed  by  the  Contractor,  are  unstable. 

— 0O0 — 

The  following  Plates  are  attached  and  complete  this  report: 

Summary  of  Laboratory  Test  Data 
Gradation  Curve  of  Material  U 
Results  of  Stability  Analyses  of  Homogeneous 
Dam  Embankment 

Results  of  Stability  Analyses  of  Proposed  Alternate 
Dam  Eiibankment. 


Plate  1 

l 

Plate  2 
Plate  3 

Plate  k 
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RESULTS  OF  STABILITY  ANALYSES  OF  PROWS  ED  AlT£t‘HAT£ 


The  purpose  of  this  standard  Is  to  pull  together  the  materials  developed 
over  a period  of  time  regarding  the  design  of  earth  dams  as  far  as  the 
stability  of  the  slopes  is  concerned.  Until  superseded  by  soother  standard 
f covering  the  some  subject,  this  procedure  will  be  used  in  the  analysis  of 
all  earth  dams  which  fall  within  the  scope  of  this  procedure. 

Sw,°.r?  under-  SOQ  trt  Aft?/ f 


This  standard  procedure  covers  dams^with  the  following  characteristics: 

1.  The  upstream  and  downstream  slopes  are  uniform  and  approximately  equal. 

2.  The  foundation  material  is  at  least  equal  in  strength  to  the  compacted 
material  comprising  the  embankment. 

3.  The  strength  of  the  material  in  shear  may  be  described  as  a straight- 
line  plot  on  a diagram  as  follows: 
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Locus  of  Trial  Centers 

The  location  of  the  center  of  the  slip  circle  of  least  Factor  of 

Safety  may  be  estimated  with  the  aid  of  the  Locus  of  Trial  Centers  shewn 
on  the  Definition  Sketch,  which  was  obtained  from  Jumikis,  Soil  Mechanics, 
page  698.  The  values  of  angles  BA  and  BB  are  estimated  with  the  aid  of 


the  following  table: 

Z 

THETA 

BA 

BB 

1.732 

60° 

about  29° 

about  40° 

1.000 

45° 

about  28° 

about  38° 

- 1 

0. 667 

33°41’ 

about  26° 

about  35° 

0. 500 

25°34* 

about  25° 

about  35° 

0. 333 

18P25’ 

/ 

about  25° 

about  35° 

. 0.200 

j 

11°19' 

about  25° 

about  37° 
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Seismic  Factor 

0 

The  horizontal  acceleration  is  the  primary  factor  to  be  considered. 
The  ratio  of  this  acceleration  to  the  acceleration  of  gravity  is  the  Seismic 
Factor,  or  SEIF  in  the  program.  Commonly,  SEIF  = 0. 10.  and  this  value 
shall  be  used  unless  a particular  earthquake  history  indicates  a greater  or 
lesser  value  to  be  appropriate. 

The  water  waves  set  up  by  an  earthquake  are  generally  small. 

For  example,  the  wave  height  resulting  from  SEIF  = 0. 1 with  a period 
of  0. 25  seconds  is  on  the  order  of  0. 1 to  0. 2 foot  for  a dam  50  feet  high. 
This  effect  is  usually  ignored  in  earth  dam  stability  computations. 

t 


Assumptions 

The  following  assumptions  are  made  in  this  procedure  for  small 
earth  dams: 


1.  The  piezometric  gradient  of  internal  pore  pressure 
indicated  on  the  Definition  Sketch  of  page  1 as  dh/ds  is  ignored.  This 
is  a substantial  stabilizing  force  which  would  ordinarily  be  taken  into 
account  in  designing  higher  dams.  However,  for  dams  under  100  feet 
in  height,  it  may  be  safely  ignored  in  the  interests  of  conservatism 
and  simplified  design. 

2.  1 No  cracks  are  assumed  to  exist.  The  embankment  is 
considered  to  be  homogeneous. 

3.  There  is  no  problem  of  rapid  drawdown,  which  is  not 

more  than  compensated  for  by  ignoring  the  dh/ds  as  explained  in 
1.  preceding.  ' 

Computer  Program 

The  following  pages  give  the  steps  in  the  computer  program: 
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